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Our new breed is the center of attention. 


PfuUltra™ || enzyme for highest fidelity * Herculase® Il enzyme for superior yield 


Our next generation of high fidelity Pfu-based fusion enzymes sets a new standard in high fidelity PCR performance. 
Engineered for industry-leading fidelity p/us 12x enhanced processivity, our new PfuU/tra™ || Fusion HS DNA Polymerase 


and Herculase® I] Fusion DNA Polymerase deliver superior yield, excellent reliability, and faster overall run times. 


Our PfuUitra™ II Fusion HS DNA Polymerase offers the highest fidelity. Our Herculase® II Fusion DNA Polymerase produces superior yield in as short 
Error rates were determined by the /acl fidelity assay. as 15 second/kb extension time. 
: Herculase®ll Enzyme Phusion"/iProof* Pwo SuperYield 
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Pfulltra™ || Herculase® | Phusion™/ DeepVent®  Vent®  Pf/KOD —Pfx50™ Taq 
Enzyme Enzyme iProof™ 


Need More Information? Give Us A Call: : Ask us about these great products: 
Stratagene USA and Canada PfuUltra™ \| Fusion HS DNA Polymerase 40 rxn 600670 
Order: (800) 424-5444 x3 ‘ Herculase® II Fusion DNA Polymerase 40 rxn 600675 


Technical Services: (800) 894-1304 x2 


PfuUltra™ is a trademark of Stratagene in the United States. Herculase® is a registered trademark of 


Stratagene in the United States. 
Stratagene Japan K.K. © ‘* : : oe aaa ; 
Deep Vent® and Vent® are registered trademarks of New England BioLabs. iProof” is a trademark of BioRad 
Order: 03-5159-2060 ic : 


. A Laboratories. Phusion” is a trademark of Finnzymes Oy. Pfx50” is a trademark of Invitrogen. 
Technical Services: 03-5159-2070 ee 


U.S. Patent Nos. 6,734,293, 6,489,150, 6,444,428, 6,379,553, 6,333,165, 6,183,997, i 
Stratagene Europe 5,948,663, 5,866,395, 5,545,552 and patents pending (@)STRATAGENE 
Order: 00800-7000-7000 


Purchase of this product is accompanied by a license under the foreign counterparts of U.S. Patents Nos. 


Technical Services: 00800-7400-7400 4,683,202, 4,683,195 and 4,965,188 for use in the polymerase chain reaction (PCR) process, where such process is 
covered by patents, in conjunction with a thermal cycler whose use in the automated performance of the PCR 
Iwww-stratagene com] process is covered by the up-front license fee, either by payment to Applied Biosystems or as purchased, i.e., an 


S authorized thermal cycler. JD 
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Fully Automatic plasmid and 
genomic DNA purification at 


the push of a button. | START 


Your time is valuable. 


www.macconnell.co 


GE Healthcare 


Why do 100,000 scientists trust 
GE Healthcare for all their 
protein purification needs? 


Here’s A clue. 


To 100,000 scientists worldwide, the name AKTA™ has 
always meant outstanding protein purification, and now it’s 
brought to you by GE Healthcare. With the ability to purify 
virtually 100% of all biomolecules, the AKTAdesign™ platform 
can handle the toughest of challenges. Whatever the scale, 
from laboratory, to process development and manufacturing, 
there's an AKTAdesign system to meet every need. All systems 
in the AKTAdesign family work with the intelligent UNICORN™ 
software, which makes it easy to control every stage of your 
purification processes. Accurate, reproducible results just take 
a little pure imagination. 


Visit laawwamershambiosciences com/akfadesign] 


imagination at work 
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Amersham Biosciences AB, a General Electric company. 
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Revised Numbers Quicken the Pace of Rebound 931 
From Mass Extinction 
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H5N1 Moves Into Africa, European Union; 932 
Hunt for Birthplace of Meteorites Yields New Vie 932 


NIH Goes After Whole Genome in Search off 933 


ouse Study Suggests Cancer Drugs Could Help 934 
Prematurely Aging Kids 
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Bush Administration Decides It Can t Afford 934 
ough Decision? Don t Sweat It 935 


Doubts Over New Antibiotic Land Co-Authors in Court 937 
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Volume 311, Issue 5763 


COVER DEPARTMENTS 
Schematic view of Uranus and its rings and 911 
inner moons. Recent Hubble Space Telescope 913 
images revealed the wide, tenuous outer two 919 
rings and several tiny moons. The planet itself 922 
is shown in approximately real color. Small 925 
moons are shown as sequences of colored 927 
dots that represent their orbital motion. va? 
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956 


R. Bruegmann, reviewed by ]. Wolch 


wilight of the Mammoths 957 


Ice Age Extinctions and the Rewilding of America 
P. S. Martin, reviewed by P. L. Koch 
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958 
D. R. Snow et al. 


PERSPECTIVES 
960 
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C. D. Murray 
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Systems Biology — Proteins and Proteomics 


Standardized solutions for proteins 


E. coli gyrase A C-terminal domain 
crystals. Courtesy of Alex Ruthenburg 
from Prof. Verdine’s laboratory, 
Harvard University, Boston, USA. 


Ni-NTA matrices offer highly specific 
and selective binding of 6xHis-tagged 
proteins 


Success with proteins — made possible by QIAGEN’s expertise! 


QIAGEN's experience in sample preparation technology will help you rise to the challenge 
of working with proteins. QIAGEN provides easy-to-use, integrated solutions to help you 
succeed with: 


M™@ Expression M®@ Assay M@ Proteomics 
M@ Purification Crystallization H Automation 
M™@ Detection H MALDI sample prep 


Find a standardized solution for your protein challenge at 
www.giagen.com/protein|! 


For up-to-date trademarks and disclaimers, seefwww-diagen.com]. PROTTAGO106SIWW © 2006 QIAGEN, all rights reserved. 
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start receiving Science Digital Edition immediately! 


Science 


“ 


ww.sciencedisitat.org/SUDSCriIDe 


For just USSg9, you can join AAAS TODAY and 
start receiving Science Digital Edition immediately! 


Science 


SCIENCE EXPRESS 


www.sclencexpress.org 


MEDICINE 
A Protein Farnesyltransferase Inhibitor Ameliorates Disease 
in a Mouse Model of Progeria 
L. G. Fong, D. Frost, M. Meta, X. Qiao, S. H. Yang, C. Coffinier, S. G. Young 
A drug that inhibits addition of lipids to proteins has beneficial effects in a mouse 
version of a rare premature aging disorder, suggesting that it may be useful in 
children with the disease. 
>> News story|p. 934 

10.1126/science.1124875 


IMMUNOLOGY 

Selective Stimulation of T Cell Subsets with Antibody-Cytokine 

Immune Complexes 

O. Boyman, M. Kovar, M. Rubinstein, C. D. Surh, J. Sprent 

The paradoxical stimulation of memory immune cells is explained by an unusual 

activation of a growth factor when bound to an antibody, usually thought to be inhibitory. 
10.1126/science.1122927 


CONTENTS 
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APPLIED PHYSICS 

Ultrafast Laser—Driven Microlens to Focus and 

Energy-Select Mega—Electron Volt Protons 

T. Toncian et al. 

A coordinated pair of intense laser pulses—one on a thin solid and one on a small 

cylinder connected to it—can produce a focused beam of high-energy protons. 
10.1126/science.1124412 


DEVELOPMENTAL BIOLOGY 

Zebrafish MiR-430 Promotes Deadenylation and Clearance of 

Maternal mRNAs 

A. J. Giraldez et al. 

Asmall regulatory RNA promotes the degradation of the maternal messenger RNAs 

that are packaged into the oocyte to guide the first steps of animal development. 
10.1126/science.1122689 


REVIEW 


EVOLUTION 


Reproductive Social Behavior: Cooperative 


J. Roughgarden, M. Oishi, E. Akcay 


BREVIA 


EVOLUTION 


enetic Variation Affects de Novo 


T. Kato et al. 


A palindromic sequence on human chromosome 11 causes frequent 
translocations during meiosis, while a more recently evolved 
nonpalindromic allele does not. 


RESEARCH ARTICLE 


PLANETARY SCIENCE 


e Second Ring-Moon System of Uranus 
Discovery and Dynamic 


965 


971 


973 


Uranus has two additional moons and two faint rings that form a 
highly dynamic system orbiting beyond its known rings. 
>> Perspective 
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MATERIALS SCIENCE 


ectrodes with High Power and High Capacity 
or Rechargeable Lithium Batteries 
K. Kang, Y. S. Meng, J. Bréger, C. P. Grey, G. Ceder 


Ab initio calculations are used to develop an efficient battery 
containing layered lithium, nickel, and manganese oxide and to 


977 


980 


Heightened motion of electrons and ions in the martian atmosphere 
produces aurorae above regions of high surface magnetism through a 
process similar to that on Earth. 


GEOPHYSICS 

Dissociation of MgSiO, in the Cores of Gas Giants 

K. Umemoto, R. M. Wentzcovitch, P. B. Allen 
Calculations imply that the main silicate compound deep in 
terrestrial planets should dissociate to MgO and SiO, at high 
pressures characteristic of planets larger than Earth. 


983 


hanges in the Velocity Structure of the 986 


reenland Ice Sheet 


Velocity measurements of ice flow across Greenland show that 
Greenland glaciers are accelerating, doubling the mass deficit 
of the ice sheet in the past 3 years. 


>> Perspective 
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THE COMPLETE miRNA 
SOLUTION PROVIDER™ 


miRNA Expression Profiling — 


Achieve unparalleled sensitivity 


NEW! mirVana™ miRNA Bioarrays 

NEW! mirVana™ gRT-PCR miRNA Detection Kit 
mirVana™ miRNA Probe Set 

mirVana™ miRNA Labeling Kit 


miRNA Isolation - 
Collect small RNAs that other kits miss 


mirVana™ RNA Isolation Kit (for miRNA) 

mirVana™ PARIS™ Kit (for miRNA and protein) 

NEW! RecoverAll™ Total Nucleic Acid Isolation Kit 
(for FFPE samples) 


Functional Analysis — 
Discover requlatery pathways 


Pre-miR™ miRNA Precursor Molecules 
Anti-miR™ miRNA Inhibitors 
pMIR-REPORT™ miRNA Reporter Vector 


Ambion, Inc. 
U.S. 800-888-8804 +» Canada 800-445-1161 
fax +1-512-651-0201 


je \yscery Of uiolesscel| 


Dalc Matter 


www ww 


Ambion (Europe) Ltd 
tel +44 (0)1480-373-020 
fax +44 (0)1480-373-010 


rst referred to as the “biological equivalent of dark matter” in the October 26, 
O01 issue of Science*, microRNAs (miRNAs) are small, highly conserved 


Fi 
2 
RNA molecules that act as key regulators of development, cell proliferation, 
differentiation, and cell cycle. miRNAs have been implicated in oncogenesis 
a 


nd viral infection. Explore this emerging field with a complete portfolio of 


nnovative products specifically designed for miRNA investigation. 


Look to Ambion to illuminate the mystery of 
microRNAs with innovative research solutions: 


¢ Comprehensive panel of currently known human, mouse, 
and rat miRNAs, including Ambion’s proprietary, non-published 
microRNAs, Ambi-miRs 


¢ Accurate detection of differential miRNA expression across 
tissues and among different disease states 


¢ Highly reproducible results from experiment to experiment 
(average CV of <10%) 


¢ Superior sensitivity and specificity 


R? = 0.9955 


Log, (Normalized Intensity) 
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Synthetic miRNA Input (femtomoles) 
Linearity and Sensitivity of the mirVana™ Bioarray System. Chemically synthesized oligonucleotides 
corresponding to ten mature miRNA sequences were spiked into FirstChoice® Total RNA samples. The 
synthetic miRNAs were spiked in at known amounts (0.28-71.68 femtomoles), and arrayed in a Latin 
Square format. Samples were subjected to the whole mirVana Bioarray process (fractionation, labeling, and 


hybridization). The graph shows the average of the normalized signal intensities of the ten spiked synthetic 
miRNAs for each input amount. 


To find illumination of miRNA function or to request a copy of our updated 
miRNA Research Guide, go to 


*Ruvkun, G. 2001. Glimpses of a tiny RNA world 
Science 294(Oct. 26):797-799 


For a list of Ambion direct free 
phone numbers and distributors 


in your country, go to 


Ambion K.K. (Japan) 
tel +81 (0)3-5638-2181 
fax +81 (0)3-5638-2182 
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ransitions to Asexuality Result in Excess 990 
Amino Acid Substitutions 
S. Paland and M. Lynch 


>> Perspective 


DEVELOPMENTAL BIOLOGY 
dx? Gene Expression and Trophectoderm| 992 


ineage Specification in Mouse Embryos 
K. Deb, M. Sivaguru, H. Y. Yong, R. M. Roberts 
In mice, an RNA that ultimately directs formation of the placenta is 
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X-ray Structure of a Self-Compartmentalizing 996 


ECOLOGY 


A Keystone Mutualism Drives Pattern ina 1000 


CIRCADIAN RHYTHMS 


PSYCHOLOGY 


On Making the Right Choice: 1005 
e Deliberation-Without-Attention Effect 


>> News story p93) 
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NEUROSCIENCE 


Activity-Dependent Regulation of MEF2 Transcription) 1008 
Factors Suppresses Excitatory Synapse Numbe 
S. W. Flavell et al. 


1012 

A. Shalizi et al. 

A transcription factor that is enriched in the brain and activated 

by calcium links electrical activity of neurons to the number of 

functional synapses. 

>> Perspective 

NEUROSCIENCE 

Role of Noradrenergic Signaling by the Nucleus 1057 
ractus Solitarius in Mediating Opiate Reward 

V. G. Olson et al. 

In mice, the addictive response to morphine requires norepinephrine 

neurotransmission in a single region of the brain. 


NEUROSCIENCE 

1020 
A. P. Blaisdell, K. Sawa, K. J. Leising, M. R. Waldmann 
Experiments show that rats, like humans, can discriminate 

between events that are coincident in time and those that are 
causally related to one another. 
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Expression Proteomics // Tools for Protein Separation and Analysis www.expressionproteomics.com 


Expert 2-D Support. 


Bio-Raa’s global technical support team provides you trusted advice you can depend on. 


Ask an Expert 

From sample preparation to spot excision, our experienced 
2-D experts are ready to help you with all your 2-D questions 
and problems. Get direct access to our 2-D experts through 
our convenient Web-based form. 


Our 2-D experts are: 


= Highly trained technical support professionals in the 
proteomics field 


= Experienced with many years of hands-on research and 
troubleshooting expertise 


= Dedicated to supporting you with the utmost personalized care 
= Accessible from anywhere in the world, anytime 


Make Bio-Rad your trusted advisor for 2-D by visiting us on 
the Web at |www.expressionproteomics.com/ask/| 


Visit us on the Web at[discover.bio-rad.coml 
Call toll free at 1-800-4BIORAD (1-800-424-6723); B i O RAD 


outside the US, contact your local sales office. 
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= DAILY NEWS COVERAGE 
g Ozone “Recovery” May Be Solar Trick 


Intense radiation from the sun, not CFC ban, could account 
for increased ozone. 


Who Needs Dark Energy? 
} v | Modified gravity might explain the accelerating expansion 
of the universe. 


Tracing HIV’s Steps 


?f Genetic analyses fill in important steps between monkey and man. 


Passing from cell to cell. 


SCIENCE'S STKE 


SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT 


TEACHING RESOURCE: Movement of Macromolecules 
in Plant Cells Through Plasmodesmata 

R. A. Jorgensen and W. J. Lucas 

Two animations show how transcription factors can move 
from cell to cell. 


RESOURCES: ST on the Web 
Explore the Orientations of Proteins in Membranes database. 


Giving your new business a lift. 


SCIENCE CAREERS 
CAREER RESOURCES FOR SCIENTISTS 


US: Tooling Up—Crises and Career Stages, Part 2 
D. Jensen 

Sometimes it takes a crisis to break out of the inevitable 
career “plateaus.” 


EUROPE: Scientific Entrepreneurship— 
Getting a New Business Off the Ground 
E. Pain 


The two sides of Cdk5. Aeronautics engineer Francoise Heilmann-Pascal started 
a company that rents dirigibles for research and tourism. 
SCIENCE'S SAGE KE MISCINET: Social and Behavioral Sciences— 
SCIENCE OF AGING KNOWLEDGE ENVIRONMENT Finding Solutions to Society's Ills 
R. Arnette 
PERSPECTIVE: When Good Cdk5 Turns Bad Social psychologist Monique Clinton-Sherrod studies domestic 
Q. Guo . . violence and substance abuse. 
Prolonged activation of the cyclin-dependent kinase-5 . 
leads to neurodegeneration. MISCINET: Same School, Different Program, 
' . ; All Part of the Plan 
NEWS FOCUS: Mucking With Metabolism C. Parks 
M. Beckman 


Cherie Butts talks about her transition from undergraduate 
to graduate school at Johns Hopkins University. 


US: Profile—Peter Lu 

J. Austin 

When it comes to science, Harvard graduate student Peter Lu just 
wants to have fun. 


>> News story p_J3]| 


Inability to repair DNA damage in mitochondria could foster 
metabolic syndrome. 


Separate individual or institutional subscriptions to these products may be required for full-text access. 
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make the switch to precise control. 


4 % , 4 
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RheoSwitch’ 


PRECISE, VARIABLE CONTROL OF MAMMALIAN GENE EXPRESSION Precise control with RSL1 Ligand. 
Analogous to the operation of a rheostat, the RheoSwitch technology en 45.000 
achieves precise regulation through the highly specific interaction of a as aia 
synthetic inducer, RheoSwitch Ligand RSL1, and a chimeric bipartite am asn0t 
nuclear receptor. This receptor is activated in the presence of RSL1 = 60,000 30,000 
ligand, and the level of gene expression can be regulated by adjusting = 50,000 25,000 = 
the concentration of RSL1 ligand in the tissue culture media. 3 40,000 20,000 3 
Applications: ae Tg.on0 
m Inducible protein expression ed nooo, 
= Expression of toxic genes cs oe 
= Overexpression/mutant rescue studies oa 800 pM nM 20nM~ Toon s00nM 
RSL1 Concentration 
Advantages: RheoSwitch product line includes: 
= Precise control unrivaled among = Expression system Luciferase expression in response to increasing RSL1 concentrations. NIH3T3 cells 
: : co-transfected with pNEBR-R1 and pNEBR-X1 expressing firefly luciferase were induced with 
Ouies a iui ™ Cell lines: NIH3T3-47, HEK293-A7 the indicated RSL1 concentrations. Expression was measured 48 hours post-induction. 
= Negligible basal expression = pNEBR-X1Hygro Vector 
= Greater than 10,000 fold induction = Ligand RSL! 


with RSL1 ligand present 


= Synthetic inducer (RSL1) is non-toxic 
and engineered receptor eliminates 
non-specific side effects 


= No special culture media requirements For more information and international distribution network, please visit 


: Two stable cell lines that express optimal levels of the RheoActivator 
and RheoReceptor components of the RheoSwitch System. 


RheoSwitch is a registered trademark of RheoGene, Inc. 


New England Biolabs Inc. 240 County Road, Ipswich, MA 01938 USA : NEW ENGLAND 
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Messy Moon Motions 

Two additional moons, named Mab and Cupid, 
and two outer rings have been discovered 
around Uranus by Showalter and Lissauer 
published online 22 December 2005; 
see the cover and the Perspective by Murray). 
These new members of the uranian system were 
spotted in images from the Hubble Space Tele- 
scope and traced in earlier pictures from Voy- 
ager 2. Substantial changes are seen in the pas- 
sages of the moons and brightness of the rings 
since the Voyager 2 fly-by. Many of Uranus’ moons 
do not follow simple keplerian orbits but exhibit 
complex dynamics, which suggest that the whole 
system is gravitationally unstable or chaotic. 


Martian Aurorae 


Aurorae occur when charged particles are accel- 
erated along magnetic field lines into a plane- 
tary atmosphere. Lundin et al. have 
mapped the motions of ions and electrons flow- 
ing in arcs above Mars using the ASPERA-3 
experiment on board the orbiting Mars Express 
spacecraft. The looped paths of charged particles 
in the martian atmosphere are associated with 
regions of strong magnetism on the planet's sur- 
face, where aurorae have also been seen. This 
formation mechanism for aurorae on Mars is 
similar to the one for Earth. 


Power to the People Movers 


Despite their high energy density, lithium batter- 
ies are not used in cars and other transportation 
applications because they cannot deliver power at 
a sufficiently high rate. Kang et al. 
report a combined theoretical and experimental 
exploration of a class of battery electrodes with a 
layered transition-metal structure that permits 
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Knowing Your Head 
from Your Toes 


Embryos of various organisms, such as insects and 
amphibians, establish head and tail ends at a very early 

stage because of the localization of cell fate determinants 

during oogenesis. Mammalian embryos have been thought 

to be different, with equipotent blastomeres in the early 
stages. Deb et al. show that early mouse embryos 

may also have localized determinants. In particular, Cdx2 
messenger RNA is asymmetrically localized toward the vegetal 
pole of mouse oocytes, changes orientation after fertilization, 
and becomes concentrated in the late dividing blastomere of the 
two-cell-stage embryo. Thereafter, it marks the cell lineage leading 

to trophectoderm. Thus, specification of the trophectoderm is already 


pre-patterned in the mouse oocyte. 


much faster lithium ion transport. The results 
suggest a general strategy for improving 
lithium-battery power delivery. 


Metallic Mantle Minerals 


In smaller terrestrial planets having an iron core, 
the main silicate mineral at depth is thought to 
be composed of MgSiO,, but its stability at 
higher pressures cannot yet be determined 
experimentally. Umemoto et al. used 
numerical calculations to infer its stability at 
extreme conditions that may be obtained in the 
giant outer planets or in newly 
found, large Earth-like planets 
in other solar systems. The 
results imply that MgSiO, 
will dissociate to MgO and 
SiO,. The compression 
of electronic orbitals 
at high pressure will 
lead to more metal-like 
behavior of these 
compounds, which would affect 
their thermal properties and planetary 
heat flow. 


Going Faster 


How much meltwater the Greenland Ice Sheet 
may be contributing to global sea-level rise 
depends on the mass balance between the inte- 
rior of the ice sheet and its margins. The present 
understanding is that the interior is gaining 
mass but the margins are eroding even more 
rapidly. Rignot and Kanagaratnam 
see the Perspective by Dowdeswell) present an 
ice velocity map of the entire Greenland Ice 
Sheet and estimate the rate of ice discharge 
around its entire margin. A comparison of their 
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results to past data shows that there has been a 
widespread acceleration of ice flow since 1996, 
that mass loss has doubled in that time, and that 
ice dynamics, which are particularly dependent 
on warming, dominate the rapid retreat of 
Greenland’s glaciers. 


Rethinking Sexual 
Selection 


Much that Darwin said about sexual selection in 
1871 is culturally and socially biased. His theory 
attempts to explain why males and females differ, 
often in ways that are contrary to expectations 
given natural selection. Roughgarden et al. 
offers an alternative model that 
presents social selection theory based 
on cooperative game theory. Thus, 
cooperation among individuals in sexual 
relations, as in other social relations, gener- 
ates advantages such that groups of individu- 
als that succeed in cooperation may have greater 
fitness vis-a-vis groups that fail to cooperate. 
Such differences could generate selection pressure 
toward individuals and groups that cooperate. 


Sex Pays Off 


Sex is expensive. For example, the daughters of 
an asexual female can reproduce at twice the rate 
of the progeny descended from a sexual female, 
assuming a sex ratio of one male to one female. 
So why is sex maintained despite this apparent 
disadvantage? One suggestion has been that the 
lack of meiotic recombination in asexual lineages 
results in the accumulation of mutations in asex- 
uals, Paland and Lynch see the Per- 
spective by Nielsen) studied sexual and obligate 
Continued on page 915) 
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Gene Expression Data Analysis System 
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The Rosetta Resolver® system is now available in three configurations: 
Standard, Extended and Premium. Each edition provides the same 
comprehensive analysis tools and scalable data management solutions, 
configured and priced according to your needs. So whether you're a 
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asexual lineages of Daphnia (water fleas). Through a process of selective interference, the asexual line- 
ages developed a fourfold greater number of mildly deleterious mutations in their mitochondrial 
genomes compared to the sexual lineages. 


Microbial Mobilization of 
Elemental Sulfur 


Microbial oxidation of elemental sulfur is important in the 
global sulfur cycle, but little is known about the mechanism 
of this reaction. Urich et al. (p. 996) have determined a 
1.7 angstrom resolution structure of a sulfur oxygenase 
reductase from a thermoacidophilic archaeon. A spherical, 
positively charged reaction chamber forms from 24 
monomers. Linear sulfur probably enters through apolar 
channels and is bound by a cysteine persulfide in one of the 
24 active sites. This sulfane sulfur chain is the substrate of 
disproportionation and oxygenation at a nearby mononuclear 
nonheme iron. 


Revving Up the Circadian Clock 


In mammals, circadian rhythms regulate many aspects of behavior and physiology, including 
sleep-wake cycles and metabolism. Disruption of these rhythms is associated with certain psychi- 
atric illnesses such as bipolar disorder. Yin et al. (p. 1002) describe a potential molecular link 
between circadian clock control and bipolar disorder. In cultured fibroblasts, a key negative regula- 
tor of clock gene expression, the Rev-erba nuclear receptor, was rapidly degraded after exposure to 
lithium, which is used in treating bipolar disorder. This destabilization of Rev-erba led to activation 
of clock genes. 


Don’t Think Too Much 


We hope that thinking about a decision results in a good choice, and that the more complex the 
decision, the more time and effort were invested in thinking about it. Dijksterhuis et al. (b..1005} 
see the news story by Miller) show that deliberate thinking about simple decisions (such as buy- 
ing a shampoo) does yield choices that are judged to be more satisfying than those made with lit- 
tle thought, as expected. However, as the decisions become complex (more expensive items with 
many characteristics, such as cars), better decisions and happier ones come from not attending to 
the choices but allowing one’s unconscious to sift through the many permutations for the optimal 
combination. 


Norepinephrine, Pleasure, and Reward 


Although norepinephrine is generally accepted to play a role in the adverse effects of opiate with- 
drawal, its role in mediating the rewarding and stimulatory effects of opiates remains controversial. 
Olson et al. (p. 1017) discovered that genetically engineered mice unable to synthesize norepi- 
nephrine, due to a targeted disruption of the dopamine B-hydroxylase (DBH) gene, appear totally 
blind to morphine reward, as measured in a conditioned place preference test. Importantly, sensi- 
tivity to morphine reward was completely rescued by restoration of DBH expression in a specific set 
of neurons. 


Rats Are Smarter Than We Think 


Although both human and nonhuman animals may use basic associative mechanisms to learn about 
causal relations, humans have a deeper understanding of causal relations that cannot be reduced to 
associative learning. In contrast, there is no definite proof that animals, including nonhuman pri- 
mates, possess deep causal understanding. Blaisdell et al. present evidence that rats can 
reason about the effects of their causal interventions. Rats correctly predicted that interventions on 
one effect of a common-cause model would not affect the other effect. Thus, rats can engage in more 
sophisticated causal reasoning than predicted by associative models. 
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The New Gag Rules 


THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA) AND THE NATIONAL OCEANIC AND 
Donald Kennedy is Atmospheric Administration (NOAA) are among the most popular and scientifically sophisticated 
Editor-in-Chief of Science. | agencies in the U.S. government. Not only do they do good science, they do dramatic, risky, and even 
romantic things—capturing comet dust, sending surveyors to Mars, flying airplanes into hurricanes, 
and providing images of impending weather events. They are full of productive, respected scientists. 
We have published papers from groups at both agencies and have been proud to do so. 

But these days, we’re trying to figure out what is happening to serious science at NOAA and 
NASA. In this space a month ago, I described some of the research that supports a relationship 
between hurricane intensity and increased water temperatures. Two empirical studies, one published 
in Science and one in Nature, show that hurricane intensity has increased with oceanic surface 
temperatures over the past 30 years. The physics of hurricane intensity growth, worked out by Kerry 
Emanuel at the Massachusetts Institute of Technology, has clarified and 
explained the thermodynamic basis for these observations. 

Yet a NOAA Web site* denies any relationship between global climate 
change and hurricane strength. It attributes the latter instead to “tropical 
multidecadal signals” affecting climate variability. Emanuel has tested 
this relationship and presented convincing evidence against it in recent 
seminars. As for the many NOAA scientists who may agree with 
Emanuel, the U.S. Department of Commerce (the executive agency 
that NOAA is part of) has ordered them not to speak to reporters or 
present papers at meetings without departmental review and approval. 

That’s bad enough, but it turns out that things are even worse at 
NASA, where a striking front-page story by Andy Revkin in the New York 
Times (28 January 2006) details the agency’s efforts to put a gag on James Hansen, 
director of the agency’s Goddard Institute for Space Studies, after a talk he gave at a 
meeting of the American Geophysical Union in San Francisco in December 2005. His 
sin was that he pointed out that the climate change signal is now so strong, 2005 having been the 
warmest year in the past century, that the voluntary measures proposed by the administration are 
likely to be inadequate. 

Hansen was told that there would be “dire consequences” if such statements continued. The Times 
story identifies two NASA public affairs officials, Dean Acosta and George Deutsch, as responsible 
for delivering this news and insisting that Hansen’s “supervisors” would have to stand in for him at 
public appearances. Those will presumably take place in approvable venues and certainly not on 
National Public Radio (NPR). Deutsch is reported to have rejected a Hansen interview requested by 
NPR on the grounds that it was “the most liberal news outlet in the country.” 

For at least two reasons, this event may establish a new high-water mark for bureaucratic stupidity. 
First, Hansen’s views on this general subject have long been widely available; he thinks climate change 
is due to anthropogenic sources, and he’s discouraged that we’re not doing more about it. For NASA to 
lock the stable door when this horse has been out on the range for years is just silly. Second, Hansen’s 
history shows that he just won’t be intimidated, and he has predictably told the Times that he will ignore 
the restrictions. The efforts by Acosta and Deutsch are reminiscent of the slapstick antics of Curley and 
Moe: a couple of guys stumbling off to gag someone who the audience knows will rip the gag right off. 

These two incidents are part of a troublesome pattern to which the Bush administration has become 
addicted: Ignore evidence if it doesn’t favor the preferred policy outcome. Above all, don’t let the 
public get an idea that scientists inside government disagree with the party line. The new gag rules 
support the new Bush mantra, an interesting inversion of Secretary of Defense Donald Rumsfield’s 
view on war: “You don’t make policy with the science you have. You make policy with the science you 
WANT?” But the late-breaking good news is that NASA Administrator Griffin has said that there will 
be no more of this nonsense, and Deutsch, the 24-year-old Bush appointee sent to muzzle Hansen, has 
left the agency abruptly after his résumé turned out to be falsified. A change of heart? Stay tuned. 

—Donald Kennedy 


10.1126/science.1125749 


*Wwww.magazine.noaa.gov/stories/mag184.hti 
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HIGHLIGHTS OF THE RECENT LITERATURE 


PSYCHOLOGY 
Unintentional Music Sharing 


Might our selves be revealed by our choices in 
music? Rentfrow and Gosling explored this question 
by asking 74 college students to provide individual 
top-10 lists of their favorite songs, which were then 
recorded onto CDs. The students were also asked to 
provide self-report ratings on personality measures, 
such as extraversion and conscientiousness; termi- 
nal and instrumental values, such as a comfortable 
life and ambition; and affect and self-esteem. Eight 
listeners were then asked to rate the students on the 
same criteria, solely on the basis of hearing their 
music selections. The measures for which listener 
judgments correlated most strongly with the self-report 

data were the personality trait of openness to experience 
and the instrumental value of imagination. Furthermore, 
three other listeners had previously coded the songs for 25 
experimentally tested musical attributes (for instance, the 
amount of singing), and these characteristics also dis- 


A window into our souls. 


played correlations with openness and imagination (along 
with several other traits and values). The results show a dif- 
ferentiating and consistent linkage between our musical 
tastes and the impressions of us that strangers form purely 
from learning which songs we like. — GJC 

Psychol. Sci. 17, 236 (2006). 


MICROBIOLOGY 


Secret Life Exposed 


quently appeared to degrade completely. Simul- 
taneously, their sister sporozoites that reached 


the increase. Because the authors kept track of the 
pedigrees of all of the individuals in the study, 


CREDITS (TOP TO BOTTOM): JOSHUA MOGLIA/SCIENCE; AMINO ET AL., NAT. MED. 12, 220 (2006) 


The parasites that cause malaria, Plasmodium 
spp., have been caught on video during a previ- 
ously hidden portion of their life cycle. Amino et 
al. used epifluorescence time-lapse microscopy 
to track parasites engineered to express green 
fluorescent protein as they wended their way 
through hairless mice. The parasites were 
injected into mouse skin as sporozoites by a 
mosquito, and although many traced a path into 
blood vessels, a significant proportion either 
actively invaded lymph vessels or remained in 
the skin. Sporozoites in the lymph system were 
previously thought to drain into the blood, but in 
this study, most were 
shown to be captured in 
proximal lymph glands. 
Interestingly, sporo- 


Time-lapse image (red to 
green to yellow) of the 
sporozoite invading a 
blood vessel (blue). 


zoites injected by 
syringe instead of 
mosquito proved 20 times less likely to invade 
the lymph ducts. The parasites in the lymph node 
partially transformed into exoerythrocytic forms 
(EEFs) within the host's dendritic cells and subse- 
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the liver through the blood developed normally. 
Presumably, the degrading EEFs in the dendritic 
cells deliver EEF-stage antigens, which may 
induce tolerance in the host, an important con- 
sideration for vaccination strategies that use 
attenuated sporozoites. — CA 

Nat. Med. 12, 220 (2006). 


ECOLOGY/EVOLUTION 
Eggs on the Rise 


A bird's clutch size—the quantity of eggs laid 
during a nesting period—is a central feature of 
a bird’s life history, but has presented an evolu- 
tionary conundrum. Although studies 
of bird species have predicted the exis- 
tence of positive selection for increas- 
ing clutch size over time, such 
increases have failed to materialize 
during long-term observation, perhaps 
because of constraints imposed by cor- 
related environmental factors that also 
affect fitness. 

In a 25-year study of mute swans, 
Charmantier et al. observed not only 
the expected directional selection for 
increasing clutch size, but also an actual increase, 
of 0.35 standard deviations, across the popula- 
tion. Reduced predation and increased food sup- 
ply over the course of the study may have fostered 
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they garnered strong evidence that these changes 
were genetic rather than phenotypic, and hence 
that a clear microevolutionary change took place 
over the course of a quarter century. — AMS 

Am. Nat. 167, 10.1086/499378 (2006). 


CELL BIOLOGY 
Perfect Packaging 


Endothelial cells that line the blood vessels are 
packed with cigar-shaped organelles termed 
Weibel-Palade bodies. These secretory storage 
granules are filled with a protein known as von 
Willebrand’s factor (VWF), which, when released 
from the cell, plays a key role in reestablishing 
the integrity of damaged blood vessels by recruit- 
ing platelets to the site of injury. Michaux et al. 
found that low pH within the storage granule is 
important to generate and maintain the tubular 
folding of the VWF, which in turn defines the mor- 
phology of the granule. Thus, the folding of VWF 
into tubules generates the unique architecture of 
the Weibel-Palade bodies. 

The authors further sought to learn if this well- 
defined geometry has a functional significance 
beyond packaging and storage. They found that 
the tubular packaging is important during secre- 
tion to allow the VWF to unfold rapidly and effi- 
ciently into very long fibrils—up to 100 times the 
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length of the packaged protein tubules—in order 
to trap circulating platelets. If folding is aberrant, 
or if a rise in granule pH interferes with packag- 
ing, VWF fails to unfold fully—presumably due to 
premature unraveling and tangling of the 
polypeptide before secretion—and platelet cap- 
ture is severely compromised. — SMH 


Dev. Cell 10, 223 (2006). 


CHEMISTRY 
Restored Affinity 


Vancomycin is a powerful antibiotic, which func- 
tions by binding to a pair of alanine residues and 
thereby disrupting the formation of bacterial cell 
walls. However, several strains of bacteria can 
evolve to resist vancomycin through replacement 
of the terminal alanine with lactate. This struc- 
tural substitution of an O atom for an N-H group 
reduces vancomycin binding affinity by a factor 
of 1000. 

In a preliminary effort to combat this resist- 
ance pathway, Crowley and Boger have modified 
the vancomycin structure. Their prior modeling 
studies attributed the reduced affinity to lone pair 
repulsion between the lactate oxygen and a car- 
bonyl oxygen in the vancomycin framework. They 
therefore prepared a synthetic derivative with a 
methylene group replacing the offending car- 
bonyl. This backbone substitution was deemed too 
fundamental a change to attempt by modifying 
intact vancomycin. Instead, the authors were able 
to adapt their prior total 
synthesis of the native 
compound by introducing 


Vancomycin structure and 
binding motif in nonresist- 
ant (X = NH) and resistant 
(X = O) bacteria. 


the methylene group at . 
the outset and protect- 40,07 
ing the adjacent nitro- 

gen as a carbamate. 

The resulting compound 
showed a 40-fold improve- 
ment in activity against cultures of resistant 
bacteria, with only a 37-fold loss in affinity 
toward the Ala-Ala motif present in nonresistant 
strains. — JSY 


J. Am. Chem. Soc. 10.1021/ja0572912 (2006). 


ASTRONOMY 
Seeking Planets in the Dust 


To understand planet formation in our solar 
system and beyond, astronomers search for 
dusty debris disks around stars like the Sun. 
Kalas et al. have spotted light scattered by low- 


www.sciencemag.org 
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mass disks around two stars that are close to a 
billion years old. In order to make these obser- 
vations, the authors used the sensitive 
Advanced Camera for Surveys on board the 
Hubble Space Telescope; an inserted corona- 
graph mask permitted a clear field of view by 
blocking the stars’ central glare. 

The two disks have different shapes, due to 
distinct inclination and intrinsically different 
architectures. One appears as a narrow belt of 
dust, concentrated 83 astronomical units (AU) 
from the star, with an outer edge truncated 
abruptly at 109 AU. In contrast, the other star’s 
disk extends out to 110 AU without significant 
narrowing, despite the old age of the star. 

On the basis of these characteristics and 
those observed in similar studies, the authors 
propose two limiting classes of disk morphol- 
ogy: narrow belts and wide disks. The former 
could arise from early stochastic dynamical 
events that expel material and heat the disk, 
with nascent planets sweeping up the dust at 
certain radii, perhaps mirroring the early stages 
of our own solar system. The absence of these 
features in the wide disk morphology suggests 
that planet formation may not be ubiquitous in 
dust clouds. — JB 

Astrophys. J. 637, L57 (2006). 


MATERIALS SCIENCE 
Cooler Running 


Current solid-oxide fuel cells run at 500° to 
700°C. Lower temperature operation is desir- 
able but must overcome low electronic and 
ionic conductivity in the ceramic cathode 
materials [typically (La,Sr)MnO, or 
(La,Sr)(Fe,Co)O,] where oxygen is 


double-perovskite material 
PrBaCo,0,, , (PBCO) has high 
electrical conductivity (~100 
Siemens per square centimeter) and 
rapid oxygen transport kinetics at 300° 
to 500°C. Prior screening for improved 
cathodes has generally assessed candidate 
materials in porous bulk morphologies. To 
achieve a more precisely ordered microstruc- 
ture, the authors prepared the PBCO as an epi- 
taxial thin film, which was grown on strontium 
titanate by pulsed laser deposition. They specu- 
late that the increase in oxygen surface 
exchange rate relative to that of disordered per- 
ovskites may arise from the alignment of the 
PBCO c axis in the film plane, which raises the 
concentration of vacancies into which oxide can 
diffuse. — PDS 
Appl. Phys. Lett. 88, 024103 (2006). 


17 FEBRUARY 2006 
YYePG Proudly Presents, Thx For Support! 


AAAS Jravels 


We invite you to travel with AAAS 
in the coming year. You will dis- 
cover excellent itineraries and 
leaders, and congenial groups of 
like-minded travelers who share 
a love of learning and discovery. 


Spring in Sardinia 
May 5-17, 2006 
Explore archaeological sites and 
spectacular countryside from Cagliari 
to Cabras, Santa Teresa Gallura to 
Aighero as you discover the unique 
heritage of Sardinia. $3,450 + air. 


Aegean Odyssey 
May 24-June 7, 2006 
Discover the history of 
Western Civilization as you 
#2" explore Athens, Delphi, Delos, 
Mykonos, Santorini, and Knossos, 
led by Dr. Ken Sheedy. $3,695 
plus 2-for-1 air from JFK. ' 


Alaska 
June 10-17, 2006 
Explore southeast Alaska 
from Sitka to Glacier Bay and “}" 
Juneau on board M/V Sea Lion. 
$4,390 + free air from Seattle. 


Africa Safari 
June 23-July 6, 2006 
Join lion expert Dr. David Bygott 
on safari! Visit Samburu, Lake 
Nakuru, Ngorogoro Crater, and 
the Serengeti! $4,995 + air. 


Tibetan Plateau 
July 7-25, 2006 
Discover Tibet,aplace of 
fascination for naturalists & Wa 
explorers for centuries. $3,295 + air. 


A Walk in the Swiss Alps 
July 21-August 2, 2006 
Discover some of the finest 
areas in Switzerland for 
'. .Walking: Appenzell and 
-Engelberg, plus Lucerne 
“. & St Gallen. $2,995 + air. 


Backroads China 
October 20-November 5, 2006 
With FREE Angkor Wat Tour 

Join our very talented guide David 
Huang, and discover the delights of 
<7 Southwestern China, edging 

& 18,000-foot Himalayan peaks, 
: the most scenic, spectacular, 
=# and culturally rich area in 
China. $3,295 + air. 


Call for trip brochures & 
the Expedition Calendar 


(800) 252-4910 


AAAS Travels 


17050 Montebello Road 
Cupertino, California 95014 


Email JAAASinio@betchartexpeditions.com| 
On the Web.Jwww.betchartexpediuons.com| 


921 


922 


ww.sciencemag.org 


cience 


1200 New York Avenue, NW 
Washington, DC 20005 
Editorial: 202-326-6550, FAX 202-289-7562 
News: 202-326-6500, FAX 202-371-9227 


Bateman House, 82-88 Hills Road 
Cambridge, UK CB2 1LQ 
+44 (0) 1223 326500, FAX +44 (0) 1223 326501 


Susscription Services For change of address, missing issues, new orders 
and renewals, and payment questions: 800-731-4939 or 202-326- 
6417, FAX 202-842-1065. Mailing addresses: AAAS, P.O. Box 1811, 
Danbury, CT 06813 or AAAS Member Services, 1200 New York Avenue, 
NW, Washington, DC 20005 


InstITUTIONAL SITE Licences please call 202-326-6755 for any 
questions or information 
Reprints: Author Inquiries 800-635-7181 

Commercial Inquiries 803-359-4578 

Corrections 202-326-6501 


Permissions 202-326-7074, FAX 202-682-0816 

Memser Benefits Bookstore: AAAS/BarnesandNoble.com bookstore 
Car purchase discount: Subaru VIP Program 
202-326-6417; Credit Card: MBNA 800-847-7378; Car Rentals: 
Hertz 800-654-2200 CDP#343457, Dollar 800-800-4000 #AA1115; 
AAAS Travels: Betchart Expeditions 800-252-4910; Life Insurance: 
Seabury & Smith 800-424-9883; Other Benefits: AAAS Member Services 
202-326-6417 orfwmaaasmember.ora] 

(for general editorial queries) 

(for queries about letters) 

(for returning manuscript reviews) 
(for book review queries) 


Published by the American Association for the Advancement of Science 
(AAAS), Science serves its readers as a forum for the presentation and 
discussion of important issues related to the advancement of science, 
including the presentation of minority or conflicting points of view, 
rather than by publishing only material on which a consensus has been 
reached. Accordingly, all articles published in Science—including 
editorials, news and comment, and book reviews—are signed and reflect 
the individual views of the authors and not official points of view adopted 
by the AAAS or the institutions with which the authors are affiliated. 


AAAS was founded in 1848 and incorporated in 1874. Its mission is to 
advance science and innovation throughout the world for the benefit 
of all people. The goals of the association are to: foster communication 
among scientists, engineers and the public; enhance international 
cooperation in science and its applications; promote the responsible 
conduct and use of science and technology; foster education in science 
and technology for everyone; enhance the science and technology 
workforce and infrastructure; increase public understanding and 
appreciation of science and technology; and strengthen support for 
the science and technology enterprise. 


INFORMATION FOR CONTRIBUTORS 
d 103 of the 6 


See pages 102 issue or access 


nuary 200 


EDITOR-IN-CHIEF Donald Kennedy 
EXECUTIVE EDITOR Monica M. Bradford 
DEPUTY EDITORS NEWS EDITOR 
R. Brooks Hanson, Katrina L. Kelner Colin Norman 


EDITORIAL SUPERVISORY SENIOR EDITORS Barbara Jasny, Phillip D. Szuromi; 
SENIOR EDITOR/PERSPECTIVES Lisa D. Chong; senior epitors Gilbert J. Chin, 
Pamela J. Hines, Paula A. Kiberstis (Boston), Beverly A. Purnell, L. 
Bryan Ray, Guy Riddihough (Manila), H. Jesse Smith, Valda Vinson, 
David Voss; associate Epitors Marc S. Lavine (Toronto), Jake S. Yeston; 
ONLINE EDITOR Stewart Wills; ASSOCIATE ONLINE EDITOR Tara S. Marathe; 
BOOK REVIEW EDITOR Sherman J. Suter; ASSOCIATE LETTERS EDITOR Etta 
Kavanagh; INFORMATION SPECIALIST Janet Kegg; EDITORIAL MANAGER Cara 
Tate; senior copy epitors Jeffrey E. Cook, Harry Jach, Barbara P. 
Ordway; copy epitors Cynthia Howe, Alexis Wynne Mogul, Jennifer 
Sills, Trista Wagoner; epitoriAL coorpinators Carolyn Kyle, Beverly 
Shields; pustication assistants Ramatoulaye Diop, Chris Filiatreau, Joi 
S. Granger, Jeffrey Hearn, Lisa Johnson, Scott Miller, Jerry Richardson, 
Brian White, Anita Wynn; epitortat assistants E. Annie Hall, Lauren 
Kmec, Patricia M. Moore, Brendan Nardozzi, Michael Rodewald; 
EXECUTIVE ASSISTANT Sylvia S. Kihara 
NEWs SENIOR CORRESPONDENT Jean Marx; DEPUTY NEWS EDITORS Robert 
Coontz, Jeffrey Mervis, Leslie Roberts, John Travis; CONTRIBUTING EDITORS 
Elizabeth Culotta, Polly Shulman; news writers Yudhijit Bhattacharjee, 
Adrian Cho, Jennifer Couzin, David Grimm, Constance Holden, Jocelyn 
aiser, Richard A. Kerr, Eli Kintisch, Andrew Lawler (New England), 
Greg Miller, Elizabeth Pennisi, Robert F. Service (Pacific NW), Erik 
Stokstad; Katherine Unger (intern); conTRIBUTING CORRESPONDENTS Barry 
A. Cipra, Jon Cohen (San Diego, CA), Daniel Ferber, Ann Gibbons, 
Robert Irion, Mitch Leslie (NetWatch), Charles C. Mann, Evelyn Strauss, 
Gary Taubes, Ingrid Wickelgren; copy epitors Linda B. Felaco, Rachel 
Curran, Sean Richardson; ADMINISTRATIVE SuPPoRT SCherraine Mack, 
Fannie Groom sureaus: Berkeley, CA: 510-652-0302, FAX 510-652- 
1867, New England: 207-549-7755, San Diego, CA: 760-942-3252, 
FAX 760-942-4979, Pacific Northwest: 503-963-1940 
PRODUCTION DIRECTOR James Landry; senior MANAGER Wendy K. Shank; 
ASSISTANT MANAGER Rebecca Doshi; senior sPEcIALIsts Jay Covert, Chris 
Redwood; speciatist Steve Forrester PREFLIGHT DIRECTOR David M. 
ompkins; manacer Marcus Spiegler; speciauist Jessie Mudjitaba 

Art pirector Joshua Moglia; associate art pirector Kelly Buckheit; 
tustrators Chris Bickel, Katharine Sutliff; senior art associates Holly 
Bishop, Laura Creveling, Preston Huey; associate Nayomi Kevitiyagala; 
PHOTO RESEARCHER Leslie Blizard 


SCIENCE INTERNATIONAL 
Europe[(science@science-int.cO.UK) EDITORIAL: INTERNATIONAL MANAGING 
Epitor Andrew M. Sugden; senior epitor/perspectives Julia Fahrenkamp- 
Uppenbrink; senior epitors Caroline Ash (Geneva: +41 (0) 222 346 
3106), Stella M. Hurtley, lan S. Osborne, Stephen J. Simpson, Peter Stern; 
ASSOCIATE EDITOR Joanne Baker epitoriat support Alice Whaley; Deborah 
Dennison apministrative support Janet Clements, Phil Marlow, Jill White; 
NEWS: INTERNATIONAL NEWS EDITOR Eliot Marshall peputy News epitor Daniel 
Clery; conresponpent Gretchen Vogel (Berlin: +49 (0) 30 2809 3902, FAX 
+49 (0) 30 2809 8365); contRiBUTING CoRRESPONDENTS Michael Balter 
(Paris), Martin Enserink (Amsterdam and Paris), John Bohannon (Berlin); 
InTERN Michael Schirber 
Asia Japan Office: Asca Corporation, Eiko Ishioka, Fusako Tamura, 1-8- 
13, Hirano-cho, Chuo-ku, Osaka-shi, Osaka, 541-0046 Japan; +81 (0) 
6 6202 6272, FAX +81 (0) 6 6202 eee ASIA NEWS 
Epitor Richard Stone +66 2 662 5818|(rstone@aaas.org) JAPAN NEWS 
Bureau Dennis Normile (contributing correspondent, +81 (0) 3 3391 
0630, FAX 81 (0) 3 5936 3531;[dnormile@gol.com]; cHina REP- 
RESENTATIVE Hao Xin, + 86 (0) 10 6307 4439 or 6307 3676, FAX +86 (0) 
10 6307 4358; [haoxin@earthlink.net] soutH asia Pallava Bagla 
(contributing correspondent +91 (0) 11 2271 2896;[pbaqla@vsnl.com} 


EXECUTIVE PUBLISHER Alan I. Leshner 
PUBLISHER Beth Rosner 


FULFILLMENT & MEMBERSHIP SERVICES|(Membership@aaas.org) DIRECTOR 


Marlene Zendell; manacer Waylon Butler; systems speciatist Andrew 
Vargo; speciatists Pat Butler, Laurie Baker, Tamara Alfson, Karena Smith, 
Vicki Linton; circutation associate Christopher Refice 


Business OPERATIONS AND ADMINISTRATION DIRECTOR Deborah Rivera-Wienhold; 
BUSINESS MANAGER Randy Yi; SENIOR BUSINESS ANALYST Lisa Donovan; BUSINESS 
anatyst Jessica Tierney; FINANCIAL ANALYsT Michael LoBue, Farida Yeasmin; 
RIGHTS AND PERMISSIONS: ADMINISTRATOR Emilie David; associate Elizabeth 
Sandler; MARKETING: DIRECTOR John Meyers; MARKETING MANAGERS Darryl 
Walter, Allison Pritchard; marxetine associates Julianne Wielga, Mary Ellen 
Crowley, Catherine Featherston, Alison Chandler; piREcToR OF INTERNATIONAL 
MARKETING AND RECRUITMENT ADVERTISING Deborah Harris; INTERNATIONAL 
MARKETING MANAGER Wendy Sturley; MARKETING/MEMBER SERVICES EXECUTIVE: 
Linda Rusk; JAPAN SALES Jason Hannaford; site LICENSE SALES: DIRECTOR 
Tom Ryan; SALES AND Customer service Mehan Dossani, Kiki Forsythe, 
Catherine Holland, Wendy Wise; ELecTRONIC MEDIA: MANAGER Lizabeth 
Harman; probuction associates Sheila Mackall, Amanda K. Skelton, Lisa 
Stanford, Nichele Johnston; apPLicaTions DEVELOPER Carl Saffell 


ADVERTISING DIRECTOR WORLDWIDE AD SALES Bill Moran 


Propuct[(science_advertising@aaas.org}; mipwest Rick Bongiovanni: 
330-405-7080, FAX 330-405-7081 « west coastw. canapa B. Neil 


Boylan (Associate Director): 650-964-2266, FAX 650-964-2267 » East 
coasve. canapaA Christopher Breslin: 443-512-0330, FAX 443-512-0331 « 
UW/EUROPE/ASIA Tracey Peers (Associate Director): +44 (0) 1782 752530, 
FAX +44 (0) 1782 752531 japan Mashy Yoshikawa: +81 (0) 33235 5961, 
FAX +81 (0) 33235 5852 israet Jessica Nachlas +9723 5449123 « 
TRAFFIC MANAGER Carol Maddox; sates coorpiNaTor Deiandra Simms 


Cuassirien|(advertise @sciencecareers.org]; U.S.: SALES DIRECTOR Gabrielle 
Boguslawski: 718-491-1607, FAX 202-289-6742; INSIDE SALES MANAGER 
Daryl Anderson: 202-326-6543; west coastmipwest Kristine von Zedlitz: 
415-956-2531; east coast Jill Downing: 631-580-2445; canapa, 
MEETINGS AND ANNOUNCEMENTS Kathleen Clark: 510-271-8349; Line aD 
sates Emnet Tesfaye: 202-326-6740; sates coorpinators Erika Bryant; 
Rohan Edmonson Christopher Normile, Joyce Scott, Shirley Young; 
INTERNATIONAL: SALES MANAGER Tracy Holmes: +44 (0) 1223 326525, FAX 
+44 (0) 1223 326532; sates Christina Harrison, Svitlana Barnes; saLes 
assistant Helen Moroney; japan: Jason Hannaford: +81 (0) 52 789 
1860, FAX +81 (0) 52 789 1861; propuction: MANAGER Jennifer Rankin; 
ASSISTANT MANAGER Deborah Tompkins; associates Christine Hall; Amy 
Hardcastle; pusuications assistants Robert Buck; Natasha Pinol 


AAAS Boarp oF DIRECTORS RETIRING PRESIDENT, CHAIR Shirley Ann Jackson; 
PRESIDENT Gilbert S. Omenn; presipent-evect John P. Holdren; TREASURER 
David E. Shaw; cHIEF EXECUTIVE OFFICER Alan |. Leshner; soarp Rosina 
M. Bierbaum; John E. Burris; John E. Dowling; Lynn W. Enquist; Susan 
M. Fitzpatrick; Richard A. Meserve; Norine E. Noonan; Peter J. Stang; 
Kathryn D. Sullivan 


MNAAAS 


ADVANCING SCIENCE, SERVING SOCIETY 


SENIOR EDITORIAL BOARD 


John I. Brauman, Chair, Stanford Univ. 

Richard Losick, Harvard Univ. 

Robert May, Univ. of Oxford 

Marcia McNutt, Monterey Bay Aquarium Research Inst. 
Linda Partridge, Univ. College London 

Vera C. Rubin, Carnegie Institution of Washington 
Christopher R. Somerville, Carnegie Institution 
George M. Whitesides, Harvard University 


Boarpb oF REVIEWING EDITORS 


R. McNeill Alexander, Leeds Univ. 


F. Fleming Crim, Univ. of Wisconsin 
William Cumberland, UCLA 

George Q. Daley, Children's Hospital, Boston 
Caroline Dean, John Innes Centre 

Judy DeLoache, Univ. of Virginia 
Edward DeLong, MIT 

Robert Desimone, MIT 

Dennis Discher, Univ. of Pennsylvania 
Julian Downward, Cancer Research UK 
Denis Duboule, Univ. of Geneva 
Christopher Dye, WHO 

Richard Ellis, Cal Tech 

Gerhard Ertl, Fritz-Haber-Institut, Berlin 


Michael J. Lenardo, N/A/D, NIH 


Olle Lindvall, Univ. Hospital, Lund 
Richard Losick, Harvard Univ. 


Rick Maizels, Univ. of Edinburgh 
Michael Malim, King's College, London 
Eve Marder, Brandeis Univ. 

George M. Martin, Univ. of Washington 


Virginia Miller, Washington Univ. 
H. Yasushi Miyashita, Univ. of Tokyo 


Norman L. Letvin, Beth Israel Deaconess Medical Center 


Andrew P. MacKenzie, Univ. of St. Andrews 
Raul Madariaga, Ecole Normale Supérieure, Paris 


William McGinnis, Univ. of California, San Diego 


Arturo Alvarez-Buylla, Univ. of California, San Francisco 
Richard Amasino, Univ. of Wisconsin, Madison 
Meinrat O. Andreae, Max Planck Inst., Mainz 
Kristi S. Anseth, Univ. of Colorado 

Cornelia |. Bargmann, Rockefeller Univ. 
Brenda Bass, Univ. of Utah 

Ray H. Baughman, Univ. of Texas, Dallas 
Stephen J. Benkovic, Pennsylvania St. Univ. 
Michael J. Bevan, Univ. of Washington 

Ton Bisseling, Wageningen Univ. 

Mina Bissell, Lawrence Berkeley National Lab 
Peer Bork, EMBL 

Dennis Bray, Univ. of Cambridge 

Stephen Buratowski, Harvard Medical School 
Jillian M. Buriak, Univ. of Alberta 

Joseph A. Burns, Cornell Univ. 

William P. Butz, Population Reference Bureau 
Doreen Cantrell, Univ. of Dundee 

Peter Carmeliet, Univ. of Leuven, VIB 
Gerbrand Ceder, MIT 

Mildred Cho, Stanford Univ. 

David Clapham, Children's Hospital, Boston 
David Clary, Oxford University 

J. M. Claverie, CWRS, Marseille 

Jonathan D. Cohen, Princeton Univ. 


Douglas H. Erwin, Smithsonian Institution 
Barry Everitt, Univ. of Cambridge 

Paul G. Falkowski, Rutgers Univ. 

Ernst Fehr, Univ. of Zurich 

Tom Fenchel, Univ. of Copenhagen 

Alain Fischer, /NSERM 

Jeffrey S. Flier, Harvard Medical School 
Chris D. Frith, Univ. College London 

R. Gadagkar, Indian Inst. of Science 

John Gearhart, Johns Hopkins Univ. 

Jennifer M. Graves, Australian National Univ. 
Christian Haass, Ludwig Maximilians Univ. 
Dennis L. Hartmann, Univ. of Washington 
Chris Hawkesworth, Univ. of Bristol 

Martin Heimann, Max Planck Inst., Jena 
James A. Hendler, Univ. of Maryland 

Ary A. Hoffmann, La Trobe Univ. 

Evelyn L. Hu, Univ. of California, SB 

Meyer B. Jackson, Univ. of Wisconsin Med. School 
Stephen Jackson, Univ. of Cambridge 

Daniel Kahne, Harvard Univ. 

Bernhard Keimer, Max Planck Inst., Stuttgart 
Alan B. Krueger, Princeton Univ. 

Lee Kump, Penn State 

Virginia Lee, Univ. of Pennsylvania 

Anthony J. Leggett, Univ. of Illinois, Urbana-Champaign 


Edvard Moser, Norwegian Univ. of Science and Technology 


Andrew Murray, Harvard Univ. 
Naoto Nagaosa, Univ. of Tokyo 


James Nelson, Stanford Univ. School of Med. 


Roeland Nolte, Univ. of Nijmegen 


Helga Nowotny, European Research Advisory Board 


Eric N. Olson, Univ. of Texas, SW 

Erin O'Shea, Univ. of California, SF 
John Pendry, /mperial College 

Philippe Poulin, CVRS 

Mary Power, Univ. of California, Berkeley 
David J. Read, Univ. of Sheffield 

Colin Renfrew, Univ. of Cambridge 
Trevor Robbins, Univ. of Cambridge 
Nancy Ross, Virginia Tech 


Edward M. Rubin, Lawrence Berkeley National Labs 


Gary Ruvkun, Mass. General Hospital 
J. Roy Sambles, Univ. of Exeter 


David S. Schimel, National Center for Atmospheric Research 


Georg Schulz, Albert-Ludwigs-Universitat 


Paul Schulze-Lefert, Max Planck Inst., Cologne 


Terrence J. Sejnowski, The Salk Institute 
David Sibley, Washington Univ. 
George Somero, Stanford Univ. 


Christopher R. Somerville, Carnegie Institution 


Joan Steitz, Yale Univ. 


Edward I. Stiefel, Princeton Univ. 

Thomas Stocker, Univ. of Bern 

Jerome Strauss, Univ. of Pennsylvania Med. Center 
Tomoyuki Takahashi, Univ. of Tokyo 

Mark Tatar, Brown Univ. 

Glenn Telling, Univ. of Kentucky 

Marc Tessier-Lavigne, Genentech 

Craig B. Thompson, Univ. of Pennsylvania 
Michiel van der Klis, Astronomical Inst. of Amsterdam 
Derek van der Kooy, Univ. of Toronto 

Bert Vogelstein, Johns Hopkins 

Christopher A. Walsh, Harvard Medical School 
Christopher T. Walsh, Harvard Medical School 
Graham Warren, Yale Univ. School of Med. 

Colin Watts, Univ. of Dundee 

Julia R. Weertman, Northwestern Univ. 

Daniel M. Wegner, Harvard University 

Ellen D. Williams, Univ. of Maryland 

R. Sanders Williams, Duke University 

lan A. Wilson, The Scripps Res. Inst. 

Jerry Workman, Stowers Inst. for Medical Research 
John R. Yates III, The Scripps Res. Inst. 

Martin Zatz, N/MH, NIH 

Walter Zieglgansberger, Max Planck Inst., Munich 
Huda Zoghbi, Baylor College of Medicine 

Maria Zuber, M/T 


Book Review BoarD 


John Aldrich, Duke Univ. 

David Bloom, Harvard Univ. 

Londa Schiebinger, Stanford Univ. 
Richard Shweder, Univ. of Chicago 
Ed Wasserman, DuPont 

Lewis Wolpert, Univ. College, London 


17 FEBRUARY 2006 VOL 311 


YYePG Proudly Presents, Thx For Support! 


SCIENCE 


Now Available! 


SNPlex™ Genotyping System on 
the 3130x/ Genetic Analyzer. 


Accept No Limitations. 


The improved SNPlex Genotyping System now performs cost effective and 
customizable genotyping projects on the 3130x/ Genetic Analyzer. 


The Genetic Analyzer that does more than just sequencing: 
SNPlex Genotyping System* » De novo sequencing » Resequencing « Comparative sequencing 
Mutation/heterozygote detection « SAGE « SNP validation and screening » Genotyping « Microsatellite analysis 
AFLP + Conformation analysis « TRFLP »« MLST « Relative fluorescent quantitation 


Applied Biosystems 3130 and 3130x/ Genetic Analyzers 

The 4-capillary 3130 and 16-capillary 3130x/ Genetic Analyzers provide reference-standard data quality and 
sophisticated, hands-free automation capabilities across a wider range of sequencing, resequencing and fragment 
analysis applications. The 3130 Series systems leverage the same technology, reagents, and software interface 


that make our larger production-scale systems so successful, bringing superior performance within the reach of 


AS Applied 

A’ Biosystems 
4 $4 *Not supported on the 3130 Genetic Analyzer. 
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almost any lab. Learn more at: ://info. iedbiosystems.com/3 1 30series. 


For Research Use Only. Not for use in diagnostic procedures. ABI Prism, Applied Biosystems and BigDye are registered trademarks and AB (Design), POP-7 and SNPlex are trade- 
marks of Applera Corporation or its subsidiaries in the US and/or certain other countries. The Applied Biosystems 3130/3130x/ Genetic Analyzers include patented technology 
ADVANCING licensed from Hitachi Ltd. as part of a strategic partnership between Applied Biosystems and Hitachi Ltd., as well as patented technology of Applied Biosystems. © 2006 
SCIENCE Applied Biosystems. All rights reserved. 
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What if moving from one particular 

protein to the most relevant journal 

and patent literature were as easy 
as pushing a button? 


It is. 


Not only does SciFinder provide access to more proteins and nucleic acids than any 
publicly available source, but they’re a single click away from their referencing patents 
and original research. 


Coverage includes everything from the U.S. National Library of Medicine’s (NLM) MEDLINE® and 
much more. In fact, SciFinder is the only single source of patents and journals worldwide. 

Once you’ve found relevant literature, you can use SciFinder’s powerful refinement tools to focus on a 
specific research area, for example: biological studies such as target organisms or diseases; expression 
microarrays; or analytical studies such as immunoassays, fluorescence, or PCR analysis. From each reference, 
you can link to the electronic full text of the original paper or patent, plus use citation tools to track how 
the research has evolved and been applied. 

Visualization tools help you understand results at a glance. You can categorize topics and substances, 
identify relationships between areas of study, and see areas that haven’t been explored at all. 

Comprehensive, intuitive, seamless—SciFinder directs you. It’s part of the process. To find out more, call 


us at 1-800-753-4227 (North America) or 1-614-447-3700 (worldwide) or visit}www.cas.org/SCIFINDER] 


SciFinder’ 


Part of the process:" 


® 
COB A division of the American Chemical Society. SciFinder is a registered trademark of the American Chemical 
Society. “Part of the process” is a service mark of the American Chemical Society. 
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CREDITS (TOP TO BOTTOM): DEVONIAN TIMES; ANDY BRIGHT; M. SCHILLER 


EDITED BY JOCELYN KAISER 


EDUCATION 
age Professor’s Assistant 


If you're a physicist or astronomer who’s rounding up Web 
materials for a course, save some time by visiting ComPADRE. 


¥ | NETWATCH 


RESOURCES This hub for physics and astronomy teaching resources leads 

: : to a half-dozen subsites stocked with growing collections of 
Fi s h Sto res links reviewed by experts. For instance, a search on “black 
With their ferocious dinosaurs and mass extinctions, the Jurassic and the holes” at The Astronomy Center produced 24 hits, including 
Cretaceous periods attract plenty of attention. But there’s a lot to like about the animations and a cosmology primer. The project’s sponsors 
earlier, lesser known Devonian period. The “Age of Fishes” saw major changes in include the American Institute of Physics, the American 
aquatic animals, including the evolution of lobe-finned and ray-finned fishes and Astronomical Society, and the American Association of 
the definitive emergence of sharks. To bone up on this epoch, which spanned from Physics Teachers. >>[www.compadre.org] 


410 million to 356 million years ago, check out Devonian Times. 
Webmaster Dennis Murphy, a computer exhibit designer in Pennsylvania, began 


the newspaperlike site in 1997 with support from researchers at the Academy of DATABASE 

Natural Sciences in Philadelphia. Visitors will find basic background on the plants, : 

animals, and geology of the period. And for Devonian diehards, there is a Who's Satellite Tally 

Who of fossil organisms from Red Hill, an important Devonian site in Pennsylvania. Need a complete list of the satellites hovering above 
Anew section describes a humerus found there (Science, 2 April 2004, p. 90). Earth? The Union of Concerned Scientists’ global security 
Paleontologists believe the arm bone belonged to a limbed fish that may have led section has toted up all 800 or so active satellites and 
the procession of animals transitioning from life in the sea to walking on the posted the information as an Excel spreadsheet. Twenty- 
ground. Above, Murphy’s take on the discovery. >>[www.devoniantimes.org] one data fields include altitude, launch date, manufac- 


turer, and whether the craft is up there for military or civil- 
ian purposes. The data show that the United States has the 
most satellites, followed by Russia and China. >> 


SOUNDS 
<< In Tune With 
the Animals 


Wondering what a zebra or a 


TOOLS 


Matchmaker 


silkworm sounds like? Check out Biologists puzzling over the role of a protein can get help at 
Listen to Nature, which holds Minimotif Miner, created by Sanguthevar Rajasekaran, 
400 samples from the British Martin Schiller, and others at the University of Connecticut, 
Library's vast sound collection. Storrs. The new site searches your protein for hundreds of 


motifs—short stretches of amino acids—that are 
known to perform specific roles in 
other proteins, such as binding 
to or modifying other mole- 
cules. Enter the ReqSeq 
number for your protein or 
paste in its sequence, choose from 
eight species (including yeast, 
humans, and fruit flies), and the site 
serves up a results page that includes data 
such as how common the motif is in that species 
and how conserved it has been through evolu- 
tion. Above, some of the 39 motifs that Minimotif 


Hear clips including a yipping 
Arctic fox, the chirps of a 
Namibian sand gecko, and the 
dawn chorus of creatures in an 
Australian rainforest. 

In The Language of Birds, 
the site’s creators have scat- 
tered bird recordings within a 
review article packed with facts 
about bird communication. 
You can listen to a marsh 
warbler, which steals from other 
birds’ songs, or Alex, an African gray parrot who can reportedly identify colors and 


objects. Above, a sedge warbler, which stops singing when it finds a mate. >> Miner found in the human prion protein, including two 
www. bl.uk/listentonature motifs that overlap with mutations (yellow, green) that lead to 


Creutzfeldt-Jakob disease. >>[mnm.engr.uconn.edu] 


Send site suggestions to >> [netwatch@aaas.org] Archive: [www.sciencemag.orgnetwatch] 
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LOOKING FOR ONE OF 
THE MOST DRUG-LIKE 
SCREENING LIBRARIES 
AVAILABLE TODAY? 
Try ChemBridge's 
Parallel Synthesized 
NOVACore Library 
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CREDITS (TOP TO BOTTOM): NASA; BONHAM’S; BETTMANN/CORBIS. 


EMPTY SUIT 


Although it sounds like a high-tech fraternity prank, “SuitSat” is for real. 
On 3 February, two astronauts on board the international space station 
released an old Russian cosmonaut suit loaded with batteries, temperature 
and power sensors, and radio equipment into the ether. 

The mission, sponsored by two space-buff groups, Amateur Radio on 
the International Space Station and the Radio Amateur Satellite Corp. is to 
test the durability of the spacesuit and batteries. The public has been 
encouraged to help track SuitSat’s orbit, and reports have been pouring in. 
Early data suggest that the strength of SuitSat’s signal rises and falls as it 
turns cartwheels in space. The batteries powering the transmitter were 
expected to last about 120 hours, but the suit will orbit for up to 2 months 
before burning up in Earth’s atmosphere. Aspiring SuitSat trackers can 


tune FM radios to 145.99 MHz, or go to[www.suitsat.org) 


CIVIL WAR PTSD 


The weapons were different back then, and battlefield medicine has been 
revolutionized, but scientists studying medical records from the U.S. Civil 
War of 1860-65 say long-term effects of war on veterans are much the 
same. Roxane Cohen Silver and colleagues at the University of California, 
Irvine, have identified more illness, both mental and physical, among 
Civil War veterans who were exposed to the greatest war trauma. 

The researchers matched military records from 15,027 Union Army sol- 
diers with subsequent pension and health records. In the February Archives of 
General Psychiatry, they report that 44% of the men reported signs of mental 
or “nervous” disease after the war, something that was called “irritable heart” 
by 19th century physicians. “There are a few detractors that say that PTSD 
[posttraumatic stress disorder] does not exist or has been exaggerated,” says 
Joseph Boscarino, senior investigator at Geisinger Health System in Danville, 
Pennsylvania. “Studies such as these are making it difficult to ignore the 
long-term effects of war-related psychological trauma.” 

During the Civil War, more than 15% of those fighting enlisted while 
still under 18, and some were as young as 9. These were 93% more likely 
than their older comrades to experience later illnesses. Using the percentage 
of a veteran’s company 
lost to quantify his 
exposure to trauma, 
the researchers found 
that those who lost 
at least 5% of their 
company had a 
51% increased risk of 
later development of 
cardiac, gastrointestinal, 
or nervous disease. 
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DUMBING DOWN 


A British education researcher is causing a stir with his report 
indicating that U.K. children are getting a lot less sharp than they 
were 30 years ago. 

In a study submitted last month to the Economic and Social 
Research Council, psychologist Michael Shayer of King’s College 
London reports that performance by children of both sexes has 
plummeted on a test that involves perceptions of weight and vol- 
ume. Shayer compared the 1976 performance of 2350 11- and 
12-year-olds in a representative sample of British schools with 
that of students from the years 2001-04. “An 11-year-old today 
is performing at the level an 8- or 9-year-old was performing at 
30 years ago,” he concludes. In 2004, only 5.7% of boys could 
equal scores made by the top third in 1976. 

The test features questions such as whether the volume of 
water stays the same when it is poured into different shaped 
vessels. Psychologist Jim Ridgway of Durham University, U.K., 
calls it a “fairly robust indicator of cognitive development.” 
Shayer blames the falling scores partly on computer games. 
Children, especially boys, are playing more in virtual worlds 
instead of “outdoors, with tools and things,” he says. 

Durham education researcher Peter Tymms calls the findings 
“something to be worried about,” but says they need confirmation 
as they are belied by rises in IQ and other test scores. 


Hooke Notes for Sale 


A rare chronicle of a scientific revolution has been found in a 
cupboard. The folio of more than 500 pages of meetings minutes 
and notes, written by the pioneering English physicist Robert 
Hooke, describe the early 
years of the U.K.’s Royal {f 
Society. The anonymous 
owner will put it on auction 
in London on 28 March. 

The writings are from 
1661 to 1682 when Hooke 
was the curator of experi- 
ments and then secretary of 
the society. Several scientific 
breakthroughs are noted, 
such as the discovery of bacteria in 1676. Dutch microscopist Anton 
van Leeuwenhoek, Hooke wrote, found “a vast number of small ani- 
malls in his Excrements which were most abounding when he was 
troubled with a Loosenesse and very few or none when he was well.” 

The notes introduce German mathematician Gottfried Leibniz’s 
idea of a “universal algebra” for encoding logical statements, the 
founding principle of computer science—along with the society 
president's observation that the idea could not be “of soe great use 
as he seemed to suggest.” Hooke also takes stabs at his peers, 
including his rival Isaac Newton. And next to the announcement of 
a book on navigation by physicist Robert Boyle, Hooke writes, 
“stoln from me.” 

Astronomer Martin Rees, current president of the Royal Society, 
is calling for a “white knight” to buy the folio on the society's behalf. 
The price is expected to exceed $1.5 million. 
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KOREAN STEM CELL SCANDAL 


Toward a treatment 
for progeria 


Schatten: Pitt Panel Finds 
‘Misbehavior but Not Misconduct 


A University of Pittsburgh (UP) 
panel has declared stem cell 
researcher Gerald Schatten 
innocent of research misconduct 
in the South Korean stem cell 
debacle. But his failure to more 
closely oversee research with his 
name on it does make him guilty 
of “research misbehavior,” 
according to a summary report 
released on 3 February. 

In December, after the dis- 
covery of misdeeds by South 
Korean cloning researcher 
Woo Suk Hwang, UP medical 
school dean Arthur Levine set 
up a panel of six senior 
researchers to investigate the 
role of Schatten, who was pre- 
sented as senior author ona 
paper purporting to show that 
disease-specific cell lines had 
been derived using stem cells 
from cloned human embryos. The paper, pub- 
lished in Science in June (U7 June 2005] 
p. 1777), has been withdrawn. 

The university panel said there is no evi- 
dence that Schatten falsified anything or that 
he was aware of any misconduct. However, it 
comes down hard on him for “shirk[ing]” his 
responsibilities when it came to assuring the 
veracity of the manuscript. 

The report relates that Schatten and Hwang 
first met at a stem cell meeting in Seoul in 
December 2003 and developed a close rela- 
tionship, which soon bore fruit for both scien- 
tists: It says Schatten’s behind-the-scenes 
“lobbying” of Science editors helped assure 
the publication of a 2004 paper (12 Marc 
2004, p. 1669) on the development of stem 
cells from a cloned human embryo, a charge 
Science Editor-in-Chief Donald Kennedy 
denies, saying, “If anything, hearing from 
Jerry was a distraction.” 

Schatten had nothing to do with the author- 
ship of the 2004 paper, which was also sub- 
sequently found to be fraudulent. But he 
devoted “a tremendous amount of time and 
energy” to the 2005 paper, composing numer- 
ous drafts and allowing his name to appear as 
senior author. Despite this, “he did not exer- 
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Photo opportunity. Gerald Schatten’s (right) major contribution to 
the “Snuppy paper” was to suggest a professional photographer. 


cise a sufficiently critical perspective as a 
scientist,” the panel relates. 

For example, Hwang told Schatten in Janu- 
ary 2005 that some cell lines had been lost 
through contamination. But Schatten failed to 
realize from this that there was not enough 
time to grow and analyze new ones by 
15 March when the paper was first submitted. 
He also failed to ensure that all 25 co-authors 
had approved the manuscript before submission. 

The investigators suggest that Schatten’s 
desire for “reputational enhancement” may 
have helped land him in his current predica- 
ment. For example, in December, he told them 
that he had written the 2005 paper. But 
3 weeks later, he told investigators from Seoul 
National University (SNU) that he had not. 
“[T]his appears to be part of a concerted and 
deliberate effort ... to further distance himself 
from Dr. Hwang and their joint publications,” 
the panel concluded. This it labeled “disingen- 
uous” and “in sharp contrast to the full partic- 
ipation of Dr. Schatten in the media spotlight 
following publication of the paper.” 

The panel also takes a swipe at Schatten’s 
role as a co-author on the so-called Snuppy 
paper, published in Nature in August 2005, 
reporting on the first cloning of a dog. (That 
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achievement was confirmed to be authentic.) 
“We have no reason to doubt [his] statement 
to us that his major contribution ... was a 
suggestion that a professional photographer 
be engaged so that Snuppy would appear 
with greater visual appeal,” says the report. 
“It is less clear that this contribution fully 
justifies co-authorship.” 

Schatten profited financially as well, 
according to the report, which says, “He was 
not averse to accepting honoraria totaling 
$40,000 within a 15-month period from Dr. 
Hwang—including $10,000 paid in cash” at a 
press conference on the 2005 paper. These 
amounts seem “far above normal honoraria for 
consultation,” the panel writes. But it does have 
a few kind words for Schatten, acknowledging 
his “expeditious and appropriate actions” upon 
learning of problems with the paper. 

The report recommends no specific discipli- 
nary action, calling on the university to take 
action “commensurate with ... research mis- 
behavior,” a term apparently unique to UP. Chris 
Pascal, director of the Office of Research 
Integrity of the U.S. Department of Health and 
Human Services, says universities have a right 
to add refinements to categories of malfeasance. 
But Kennedy says, “I think ‘research misbehay- 
ior’ is not a term that anybody in our community 
understands.” 

No further details are available from UP, 
which said no officials would be available for 
interviews. Schatten continues to maintain the 
silence he has held ever since he broke off his 
collaboration with Hwang last November. 

Many of Schatten’s colleagues in the stem 
cell world are being restrained in their reactions. 
“T have nothing to say about this sad situation,” 
says Harvard University researcher George 
Daley. But Evan Snyder, a stem cell researcher 
at the Burnham Institute in San Diego, Califor- 
nia, believes Schatten was as much a victim as 
anyone else. “Jerry is kicking himself for having 
trusted this guy as much as he did,” says Snyder. 
“He knows the buck stopped with him. ... I 
don’t think he needs to be slapped on the wrist 
for being an opportunist.” Snyder also says 
Schatten broke with Hwang immediately after 
Hwang told him about unethical egg donations. 

Back in South Korea, SNU last week sus- 
pended Hwang and the six SNU professors 
listed as co-authors on the 2004 and 2005 
papers. They will be barred from teaching and 
research until an SNU disciplinary committee 
announces its findings. -CONSTANCE HOLDEN 
With reporting by Sei Chong. 
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What do new 
neurons do? 


2007 U.S. BUDGET 


On the bird flu 
front lines 


patent 
protection 


How the Competitiveness Initiative Came About 


To many physical scientists, the American Com- 
petitiveness Initiative (ACI) announced this 
month by President George W. Bush may seem 
like manna from heaven: It would double over 
10 years the combined $9.5 billion budgets of 
the National Science Foundation (NSF), core 
programs at the National Institute of Standards 
and Technology (NIST), and the Office of Sci- 
ence at the Department of Energy (DOE), start- 
ing with a $910 million boost in 2007 (Science, 
[10 February] p. 762). But it has more earthly 
political roots. In addition to signaling the Bush 
Administration’s support for basic research in 
the physical sciences, the initiative provides a 
window on how this Administra- 
tion makes science policy. 

ACTis a $136 billion package 
of proposals whose most costly 
component—an estimated 
$4.6 billion in 2007 and $86 bil- 
lion over 10 years—would make 
permanent a tax credit for com- 
panies that increase their 
research budgets. Its doubling 
provision would cost $50 billion 
over a decade. ACI also con- 
tains a 1-year infusion of $380 
million for the Department of 
Education to improve math and 
science in the nation’s elemen- 
tary and secondary schools. 

These ideas—and many oth- 
ers—have been blowing around 
Washington, D.C., for years. 
Bush has repeatedly sought to make the tax credit 
permanent, for example, and in 2002, Congress 
passed a bill that would double NSF’s budget 
over 5 years, although that hasn’t happened. The 
winds picked up in 2005, as a bevy of reports, 
speeches, and legislation urged a greater federal 
investment in research and science and math 
education to sustain U.S. economic might. 

In searching for a tipping point that led to 
the unveiling of the initiative in the president’s 
31 January State of the Union speech, the media 
quickly settled on a couple of December meet- 
ings at the White House. There, high-tech 
industry CEOs and scientific leaders discussed 
a prescription for change laid out in an October 
report from the National Academies entitled 
Rising Above the Gathering Storm (Science, 
p. 423). But the history is 
more complicated—and more interesting. 

Presidential science adviser John Marburger 


NSF 
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had actually proposed similar funding increases 
for the same three agencies that are the focus 
of the initiative—NSF, NIST, and DOE— 
more than a year ago, on a one-time basis. But 
White House budget officials were initially 
cool to the idea. (NSF Director Arden Bement 
had asked for a 15% boost in that same 2006 
budget cycle but was granted only 2.5%.) 
“There’s no question that the physical sciences 
weren’t being funded to take advantage of the 
opportunities that exist,” Marburger told 
Science this week. “The money needs to be 
very targeted, however.” 

This time around, Marburger had help from 


Competitiveness Initiative 


Dept. of Energy’s 


Office of Science at NIST 


to $4.1B 


Samuel Bodman, a former Massachusetts 
Institute of Technology chemical engineering 
professor and corporate CEO who in January 
2005 became Energy Secretary. Bodman lob- 
bied hard for what eventually became a 
14% increase for his agency’s Office of Sci- 
ence, emphasizing the value of national user 
facilities such as the synchrotron and spalla- 
tion sources. Marburger also benefited from 
the release of the academies’ report just as the 
2007 budget requests were under scrutiny. 
Within days, the president’s economic 
advisers tackled the issue, and by the beginning 
of December, White House staffers had pre- 
pared an initiative for the president. The docu- 
ment also provided talking points for Cabinet 
secretaries to use at a series of closed-door 
meetings with CEOs, university presidents, 
and other stakeholders during a 6 December 
Innovation Summit organized by the Com- 
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to $531 M 


Triumphant trio. NSF Director Arden Bement, DOE Secretary Samuel Bodman, and NIST 
Chief William Jeffrey applaud the president's new initiative. 


merce Department at the behest of representa- 
tives Frank Wolf (R—VA), Vernon Ehlers 
(R—M]), and other science advocates in the 
House. “Industry was the most recent sector to 
be brought in,” Marburger notes, “although the 
momentum had been building for some time.” 

With high-tech executives on board, some in 
the White House were worried that any compet- 
itiveness initiative would be seen as self- 
interested lobbying for a permanent tax credit. 
So Chief of Staff Andrew Card sent word to sev- 
eral leaders in the scientific community asking 
for their views about some type of innovation 
initiative. Not surprisingly, he received a flood 
of supportive comments. 

After the decision was 
made in mid-January to have 
the president propose ACI, the 
details were held in strict con- 
fidence until the day of the 
speech. Agency heads were 
told only that they had been 
selected for a “science initia- 
tive,” and information was 
dribbled out by various Admin- 
istration officials in the 6 days 
between the president’s address 
and his budget submission. 
Although her agency is slated 
to receive only a tiny slice of 
the ACI pie, Education Secre- 
tary Margaret Spellings was 
given a starring role. Custodian 
of the Administration’s signa- 
ture No Child Left Behind program and a fel- 
low Texan with strong ties to the president, 
Spellings led off a hastily arranged press brief- 
ing by four Cabinet secretaries the morning 
after the initiative was announced. 

Now that the president has spoken, Con- 
gress must decide whether it will give each 
agency what Bush has requested—and for the 
designated programs. Despite an overall 
budget for 2007 that would reduce domestic 
discretionary spending, Wolf, who chairs the 
spending panel with jurisdiction over NSF and 
NIST, flat-out promises that both agencies 
“will get their number.” (NSF is pegged for a 
7.9% boost, and NIST’s core programs would 
rise by 24% once projects earmarked by indi- 
vidual members are removed from the budget.) 
“T don’t plan to spend a year talking about it, 
like we had to do last year,’ Wolf adds. ““We’re 
going to get it done.” —-JEFFREY MERVIS 
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Imagination will often carry us 
to worlds that never were. 
But without it we go nowhere. 


Carl Sagan 


American astronomer, novelist (1934-1996) 
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PALEOBIOLOGY 


Revised Numbers Quicken the Pace of 
Rebound From Mass Extinctions 


Paleontologists found it hard to believe that 
some sort of Darwinian traffic cop was slow- 
ing the biosphere’s recovery from major 
extinctions. But that’s what the past half- 
billion years of marine fossils seemed to tell 
them. Read literally, this history of life said it 
took 5 million to 10 million years for new 
species to begin replacing the losses suffered 
during extinctions. That would be bad news for 
a modern biosphere battered by a human- 
induced mass extinction. 

But now researchers have taken a second 
look at the fossil record after trying to remove 
some of its imperfections. “The biosphere 
seems to be more volatile, more 
responsive to perturbations” than 
it had seemed, says evolutionary 
biologist Charles Marshall of 
Harvard University, an author of 
the paper in the 21 February issue 
of the Proceedings of the National 
Academy of Sciences. In this 
revised history, at least, there’s no 
cop to hold life back. 

The new reanalysis was a 
serendipitous affair. Harvard 
physics graduate student Peter 
Lu* learned about the well-known 
marine fossil record compiled 
by the late paleontologist Jack 
Sepkoski while taking courses 
from Marshall. Lu had “grown up 
collecting rocks,” so the paleon- 
tology courses were in the line of 
recreation. Lu in turn showed the record to 
his former Harvard roommate Motohiro 
Yogo, who is now an assistant professor of 
finance at The Wharton School of the Univer- 
sity of Pennsylvania. 

Sepkoski’s raw data had already been ana- 
lyzed by geoscientist James Kirchner of the 
University of California, Berkeley, and pale- 
ontologist Anne Weil of Duke University in 
Durham, North Carolina. Their results sug- 
gested “intrinsic limits” on the biosphere that 
“imply that today’s anthropogenic extinctions 
will diminish biodiversity for millions of 
years to come,” they wrote. Either a post- 
extinction world is environmentally inimical 
to life for millions of years, paleontologists 
speculated, or all that time was needed to 
rebuild a ruined food web. 

Economist Yogo had another idea: Why not 
analyze the record of life using vector auto- 
regression? That is a technique commonly used 
to forecast the performance of the stock market 


Uncorrected 
Origination 


or NW 


Corrected 
Origination 
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* See profile on www.sciencecareers.org. 
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or the economy from past behavior. When 
applied to Sepkoski’s raw record of when gen- 
era first appeared and last appeared in the 
record, it suggests that “things move kind of 
slowly,” says Lu; the record displayed the same 
evolutionary inertia Kirchner and Weil found. 
The Harvard group then analyzed a modi- 
fied version of the record. Paleontologist 
Michael Foote of the University of Chicago in 
Illinois had attempted to take account of 
known biases in the fossil record, such as the 
varying amount of exposed fossil-bearing rock 
found in different geologic time intervals. 
With such revisions, “the speed limit dis- 
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New lease on life. Jumps in the rate at which new genera appear 
in the fossil record seem to be delayed and protracted (top) until 
the record is corrected (bottom). 


appears,” says Lu. In general, there’s no delay 
between extinction and recovery, although 
there may be exceptions, such as after the great 
Permian-Triassic mass extinction. 

The new analysis is being received with a mix 
of caution and relief. “We all wish we had the real 
history of life,” says Kirchner. “We don’t and 
never will, [so] we try to account for the imperfec- 
tions.” In this latest effort, whether the revised 
pattern of evolution as analyzed by the Harvard 
group “is real or artificial is very hard to sort out,” 
Kirchner says. “The error bars can be large.” 

Paleontologists such as Douglas Erwin of 
the National Museum of Natural History in 
Washington, D.C., find the new result “makes a 
great deal more biological sense than the pro- 
longed delay” of recoveries. However it plays 
out, “this is the battle line for the next decade in 
paleontology,” says paleontologist Steven Hol- 
land of the University of Georgia, Athens. 
“We’re going to see a new wave of analyses that 
take incompleteness [of the fossil record] into 
account. Our view of evolutionary patterns is 
going to change.” -RICHARD A. KERR 
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Innovation Craze Hits China 


BEIJING—China has unveiled an ambitious 
15-year plan for ditching its follow-the- 
leader approach to R&D in favor of one that 
prizes innovation. 

The plan calls for boosting spending on 
R&D from 216 billion yuan ($26 billion) in 
2004 (1.4% of GDP) to 900 billion yuan 
($110 billion) in 2020 (an estimated 2.5% of 
GDP). The plan identifies 16 state projects, 
including human space flight and broadband 
wireless communications, and four priority basic 
science programs: protein sciences, reproduc- 
tive biology and development, nanotechnology, 
and quantum mechanics. Chinese Academy of 
Sciences biophysicist Zou Chenglu says the 
blueprint is “generally good. ... But it leaves 
limited room for basic science.” 

-GONG YIDONG 


Grantee Granted Reprieve 


The U.S. Bureau of Land Management (BLM) 
has reinstated funding for a study published 
in Science that determined that logging after 
wildfires harms a forest's recovery (Science, 
10 February, p. 761). BLM had suspended the 
$300,000 grant to Oregon State University 
(OSU) while it investigated whether the 
authors had used their paper to lobby against 
pending federal legislation that would facili- 
tate salvage logging in national forests. 

OSU says that a reference to the pending 
legislation inadvertently left in by Science 
editors was not supposed to have appeared in 
the online version of the paper. 

Representative Greg Walden (R—-OR), who 
has introduced the salvage logging bill, will 
chair a field hearing in Medford, Oregon, next 
week on the implications of the paper. 

—-ERIK STOKSTAD 


Taira on Offensive 


TOKYO—Kazunari Taira, a University of Tokyo 
chemist whose research results have been 
questioned, is fighting back. Last month, a 
university investigating committee concluded 
that no one could reproduce the results in 
several of his published RNA studies (Science, 
3 February, p. 595). In a 4 February letter, 
Taira called the committee's report “one-sided 
[and] exaggerated.” He says he was not given 
an opportunity to respond, and he wants a new 
investigation. Kimihiko Hirao, the university's 
engineering school dean, defended the inves- 
tigation in a statement the same day, pointing 
out that Taira’s group was not able to produce 
any raw data for the disputed work. Another 
committee is considering his punishment. 
—DENNIS NORMILE 
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AVIAN INFLUENZA 


H5N1 Moves Into Africa, European 
Union, Deepening Global Crisis 


Global anxiety over the HSN1 avian influenza 
strain ratcheted up several notches last week. 
European Union authorities called an urgent 
meeting after the virus was found in dead swans 
in Italy, Greece, Slovenia, and Austria, the first 
E.U. countries to be affected, and in Bulgaria. 
Even more disconcerting, HSN1 has gained a 
firm foothold on a third continent, Africa, 
where fighting it will be an uphill battle. By 
press time, avian influenza had hit poultry 
farms in at least three states in northern Nigeria. 
Meanwhile, scientists are puzzled by the appar- 
ent lack of evolution of the virus as it hops from 
continent to continent. 

Beset by disease, poverty, and a lack of 
infrastructure, Africa is ill-equipped to deal 
with H5N1, says Samuel Jutzi, director of the 
Animal Production and Health Division at the 
U.N. Food and Agriculture Organization 
(FAO). FAO’s efforts to prepare veterinary 
authorities there over the past year have had 
little effect, he adds, in part because the organ- 
ization lacked money; large sums were not 
pledged until last month’s donor meeting in 
Beijing (Science, p. 456). Last 
weekend, FAO urged the Nigerian government 
to tackle the disease more aggressively—for 


PLANETARY SCIENCE 


instance, Jutzi says, by deploying police or the 
military to close poultry markets. 

Human health experts are also worried. The 
majority of Nigeria’s chickens live in and 
around people’s homes, so risks of human 
exposure and disease are high. A World Health 
Organization (WHO) team arrived in Lagos on 
Sunday to study the outbreak and provide 
advice on preventing human infections. 
WHO’s relations with Nigeria have been 
bumpy after authorities in the northern state of 
Kano halted polio vaccination in 2003 amid 
rumors that the vaccine was tainted with steril- 
ity drugs, dealing a blow to the international 
eradication effort (Science, 2 July 2004, p. 24). 
Vaccination resumed a year later after intense 
diplomatic efforts, and the problems should not 
interfere with the fight against avian influenza, 
says WHO’s David Heymann. Already, he says, 
the network of Nigerian polio surveillance offi- 
cers is helping spread the word about the risk of 
ill poultry; it can also aid human surveillance. 

No poultry have succumbed in the five 
European countries that reported H5N1 in 
dead swans this week, and strict biosecurity 
measures should help keep the virus out of 
commercial flocks, says Jutzi. 


Into Africa. Close contact between people and 
poultry increases the risk of human infections with 
H5N1, which has reached Nigeria. 


Meanwhile, bird flu researchers are won- 
dering why H5N1, which underwent many 
genetic changes during its 2-year romp 
through East Asia, appears almost frozen 
genetically on its west- and southward march. 
Sequences from strains isolated in Qinghai 
Lake in China, and in Mongolia, Turkey, and 
Nigeria over the past 9 months are almost 
identical, which is “very, very peculiar,” says 
Michael Perdue, a WHO animal disease 
expert. One possible explanation is that the 
virus infects only a few wild bird species, says 
Perdue, reducing its chances of evolution. 
WHO hopes to assemble influenza researchers 
at a meeting in March to discuss H5N1’s 
genetics, he adds. —MARTIN ENSERINK 


Hunt for Birthplace of Meteorites Yields New View of Earth's Origins 


Citing mounting geochemical data from mete- 
orites and new computer modeling, a group of 
planetary scientists proposes that the iron mete- 
orites pelting Earth from out in the asteroid belt 
actually originated in another part of the solar 
system entirely. Their suspected birthplace—a 
couple of hundred million kilometers 
closer to the sun, around where 
Earth is now—could re- 
solve several nagging 
problems posed by the 
asteroid belt. 


Earthmaker? Iron like this 
meteorite may have helped 
build our planet. 


The big conundrum boils down to this: 
Iron meteorites show every sign of having 
formed in abundance, but there are few traces in 
the asteroid belt of bodies in which that could 
have happened. Iron meteorites are bits of the 
once-molten cores of planetesimals that got hot 
enough for their metal to separate and sink to 
form a molten core. Olivine-rich rock called 
dunite would have formed a thick encrusting 


17 FEBRUARY 2006 VOL 311 


mantle around the cooling, crystallizing cores. 
But no one can find the dunite, either in other 
meteorites or in the spectral colors of asteroids. 
The dunite dearth and other inconsistencies 
have prompted decades of debate over how and 
where planetesimals melted. In the past year, cos- 
mochemists reported a new clue: Iso- 
topic studies showed that iron 
meteorites formed surpris- 
ingly early in the history 
of the solar system. 
\ Early formation, rea- 
) soned planetary dynam- 
icist William Bottke of 
the Southwest Research 
is Institute (SwRI) in Boulder, 
. Colorado, pointed to the inner solar 
system, well inside the asteroid belt. There, bits 
of dust could agglomerate into planetesimals 
the fastest. And the faster planetesimals 
formed, the more likely they would have been 
to capture enough short-lived, heat-producing 
radioactive isotopes to melt them as the mete- 
orite recipe required. 
If iron-cored planetesimals formed where 
the inner planets later came together, why is the 
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iron now raining in from the asteroid belt? To 
find out how it got there, Bottke and colleagues 
simulated the fate of close-in planetesimals as 
the bodies collided with one another and gravi- 
tationally flung collisional debris outward. 
Enough remnants wound up in the asteroid belt 
to supply the observed flux of iron meteorites to 
Earth, they found. And asteroid belt collisions 
would have ground up the weaker stony debris 
faster, helping deplete the belt’s already meager 
store of dunite. The group reported its conclu- 
sions this week in Nature. 

The idea that planetesimals melted only in 
the inner solar system and then salted the 
asteroid belt with a bit of their metallic 
remains “makes a lot of sense,” says asteroid 
specialist Clark Chapman of SwRI, who knew 
nothing of Bottke’s work until the day before 
speaking with Science. “Nothing flies in the 
face of what I know about asteroids. If it 
works out, it would resolve a lot of problems.” 
It would also mean Earth formed from differ- 
ent starting materials—not the chondritic 
meteorites that dominate collections on 
Earth, but iron meteorites and their still- 
elusive stony counterparts.-RICHARD A. KERR 
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GENOMIC DATABASES 


NIH Goes After Whole Genome in 
Search of Disease Genes 


The National Institutes of Health (NIH) is 
ramping up efforts to find genes involved in 
common diseases. A wave of new projects will 
take advantage of reduced costs to search for 
disease genes in people who are already 
enrolled in existing studies, including the 
famed Framingham Heart Study. The data will 
be freely available to other scientists. 

Genetic studies on large groups aren’t new. 
But few have searched the entire genomes of 
participants for common genetic markers 
called single nucleotide polymorphisms 
(SNPs). That step is needed to go beyond 
studying candidate genes to find new genes 
that slightly raise disease risk. 

Using new technologies and the HapMap, a 
map of human genetic variation 


Framingham (Science, 5 January 2001, p. 27). 
The same spirit of sharing imbues a new 
public-private partnership to offer free geno- 
typing services to other disease studies. Drug 
giant Pfizer has contributed the first $20 mil- 
lion toward a planned $60 million industry- 
funded effort called the Genetic Association 
Information Network (GAIN).* Run by the 
nonprofit Foundation for the NIH, GAIN will 
begin genotyping this year for up to seven dis- 
eases using DNA from existing clinical stud- 
ies. Investigators who receive funding must 
allow the linked clinical and genotyping data 
to be distributed by NCBI right away, but study 
investigators receive a 9-month head start on 
submitting manuscripts based on the data. 


completed last year that allows 
gene hunters to use fewer markers, 
the cost of such “whole genome 
association” studies has dropped 
30-fold, says Francis Collins, direc- 
tor of the National Human Genome 
Research Institute. For $3 million, 
scientists can identify 300,000 
markers in 1000 people with a par- 
ticular disease and 1000 healthy 
controls, Collins says—enough sta- 
tistical power to find a gene that 
raises the risk of that disease by at 
least 30%. Meanwhile, the recent 
discovery of genes involved in type 
2 diabetes and age-related macular 
degeneration have spurred the 
search to identify more common 
disease genes. 

Last week, the 58-year-old 
Framingham (Massachusetts) Heart 
Study announced a search for dis- 
ease genes by scanning for 500,000 SNPs in 
each of 9000 study participants. Both clinical 
and genetic data (stripped of identifying infor- 
mation) will be sent to a new Web site at the NIH 
National Center for Biotechnology Information 
(NCBI).” Any qualified scientist can obtain the 
data. “This is taxpayers’ money, and the data 
should be available to many investigators,” says 
Elizabeth Nabel, director of the National Heart, 
Lung, and Blood Institute (NHLBI), which has 
allocated $13 million for the project. 

Only participants who have given their 
consent will be part of the genetic database. 
The new project has avoided the controversy 
surrounding an earlier proposal to sell access 
to the study’s data, says principal investigator 
Philip Wolf of Boston University, which runs 


*lwww.ncbi.nim.nih.gov/WGA 
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Added value. The Framingham Heart Study is adding genomic 
data to its trove of clinical data on local residents. 


NIH’s parent agency, the Department of 
Health and Human Services, has proposed in its 
2007 budget a $68 million Genes and Environ- 
ment Initiative. The cross-NIH initiative, with 
$40 million in new money, would fuel work on 
several dozen diseases. Whole-genome studies 
are taking off at individual NIH institutes, too. 
This week, for example, the National Cancer 
Institute announced a whole-genome scan for 
prostate and breast cancer genes. 

These efforts should soon resolve whether 
it’s possible to tease out the role of genes in 
common diseases, says NHLBI’s Chris 
O’Donnell, associate director of the Framing- 
ham study: “This will quickly help the world 
understand the true role of genetic variation.” 

—-JOCELYN KAISER 


tfwww-tnih.org/GAIN/GAIN_home.shtm 
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Venture Adventure at NASA 


In an effort to return to its 1960s status as 
high-tech vanguard, NASA is launching a ven- 
ture capital fund modeled on a similar pro- 
gram set up by the Central Intelligence 
Agency called In-Q-Tel. That private company 
was created in 1999 to counter the intelli- 
gence community's lag in netting the latest 
technologies, and Michael Griffin, now NASA's 
chief, served as In-Q-Tel president from 2002 
until 2004. Now Griffin is creating Red Planet 
Capital, which would combine private and 
government funds to pinpoint emerging tech- 
nologies while avoiding bureaucratic barriers. 
The agency intends to plow more than $10 mil- 
lion into the effort in 2006, with more later. 
It’s looking for private investors in fields 
such as nanotechnology, robotics, and 
intelligent systems. -ANDREW LAWLER 


Stamp of Disapproval 


NEW DELHI—A head of a group that cam- 
paigns for the free movement of scientists has 
fallen victim to the U.S.’s tough visa regime. 
Indian organic chemist Goverdhan Mehta, 
president of the International Council for Sci- 
ence in Paris, had applied for a visa to visit 
the University of Florida, Gainesville, for talks 
and collaborative research. During a routine 
consular interview last week, Mehta says a 
U.S. official accused him of “hiding things” 
and suggested that his research could be 
applied to chemical weapons work. An 
embassy spokesperson calls requests “for 
more information” standard. Mehta says his 
work is “by no stretch of imagination related 
to chemical warfare.” With a visa still not 
issued, Mehta has canceled his trip and calls 
the experience “humiliating.” Scientists 
should participate “without discrimination 
and on an equitable basis in legitimate scien- 
tific activities, including attendance at inter- 
national meetings,” wrote Mehta in Science in 
2004 (10 September 2004, p. 1531). 
—-PALLAVA BAGLA 


Oui to French Stem Cells 


PARIS—Government regulations published 
last week have paved the way for French sci- 
entists to begin deriving their own stem cell 
lines from human embryos. Until now, 
researchers could work with imported embry- 
onic lines—about 10 teams are doing so— 
but could not create their own. “We're quite 
satisfied,” says stem cell researcher Michel 
Pucéat of the National Center for Scientific 
Research in Montpellier. The French Bio- 
medicine Agency will supervise the work. 
—MARTIN ENSERINK 
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Mouse Study Suggests Cancer Drugs 
Could Help Prematurely Aging Kids 


Children with Hutchinson-Gilford progeria 
syndrome (HGPS) are running out of time. 
This genetic condition, which is known to 
affect fewer than 50 children worldwide, 
causes what looks like premature aging. It pro- 
duces symptoms such as osteoporosis, hair 
loss, and atherosclerosis by early childhood 
and causes death by the teenage years. Since 
the 2003 identification of the mutant gene 
responsible for HGPS, scientists, including the 
mother of a boy with the disease, have rushed 


to translate that discovery into a treatment. Ina 
paper published online by Science this week 
(www.sciencemag.org/cgi/content/abstract/ 
, a research team led by Loren Fong 
and Stephen Young of the University of Cali- 
fornia, Los Angeles (UCLA), reports that a 
drug originally developed to treat cancer can 
forestall symptoms in and increase the sur- 
vival of mice with a similar disease. 

“T find this very exciting, and it certainly 
propels us to consider very seriously the 


Hopeful sign. Like children with Hutchinson-Gilford progeria syndrome (far left), mice with a similar condi- 
tion develop rib fractures (left, arrows). Those treated with a class of cancer drugs do so more rarely (right). 


EPIDEMIOLOGY 


appropriate timing for a human clinical trial 
for progeria,” says Francis Collins, director of 
the National Human Genome Research Insti- 
tute, who also studies the disease. “There is a 
serious time pressure to make a decision and 
get started.” Indeed, Collins’s colleagues at the 
National Institutes of Health (NIH) have been 
conducting baseline studies on children with 
HGPS in preparation for such a trial. 

HGPS has become a subject of intense 
research in the past few years, largely through 
the efforts of Leslie Gordon, a physician 
whose son was diagnosed with HGPS in 
1998. She and her physician husband Scott 
Berns set up the Progeria Research Founda- 
tion in Peabody, Massachusetts, lobbied for 
funds from Congress, and recruited top sci- 
entists (Science, 9 May 2003, p. 899). Gordon 
even joined Collins’s lab herself to study the 
disease after the group had identified the 
mutated gene responsible. 

The typical HGPS-causing mutation 
occurs in the gene encoding a precursor of 
lamin A, a protein that provides structure to the 
membrane of the nucleus. This precursor, 
prelamin A, is modified by an enzyme, farne- 
syltransferase; that change directs it to the 
membrane. There, another enzyme called 
ZMPSTE?24 cleaves the protein to produce 
mature lamin A. In HGPS, a mutation alters 
the cleavage site, preventing that process and 
leading to buildup of the mutant prelamin A in 
the nuclear membrane. Cells from children 
with HGPS can have nuclei with distorted 
shapes, such as bulges and herniations. 

Once the HGPS gene mutation was 
found, scientists quickly theorized that drugs 
called farnesyltransferase inhibitors (FTIs) 
offered a treatment. The drugs were intended 
to combat cancer, as the tumor-promoting > 


Bush Administration Decides It Can't Afford Children’s Study 


The White House wants to cancel a massive 
study of U.S. children’s health ordered up 6 years 
ago by Congress. The 2007 budget for the 
National Institutes of Health (NIH), submitted to 
Congress earlier this month by President George 
W. Bush, contains no money for the effort. 

The National Children’s Study would have 
followed 100,000 children from birth to age 21 
to explore the environmental causes of dis- 
eases such as asthma, autism, and diabetes. 
Starting with a national random sample of 
expectant mothers, researchers would meas- 
ure each child’s exposure to everything from 
chemicals to video games (Science, 
p. 1883). 

The estimated $2.7 billion study has 
received $10 million to $12 million a year for 
planning from the National Institute of Child 
Health and Human Development and other 
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federal agencies. Seven pilot centers were cho- 
sen last fall, with enrollment to begin in spring 
2008. Organizers say they need $69 million in 
2007 to ramp up toward the goal of 105 sites. 

But NIH’s budget for 2007 would require 
planning to end by the start of the next fiscal 
year in October. “Eventually the nation may 
see itself in a position” to support the study, 
says NIH Director Elias Zerhouni. Study 
director Peter Scheidt says NIH will continue 
to follow Congress’s directive to launch the 
study, but in a “parallel process” will wind up 
preparatory work, such as a biomarker data- 
base, and look at whether the pilot centers 
could be used for smaller studies. “We will 
make the most effective use of what’s been 
done,” he says. 

Scientists at these seven centers plan to 
keep working on the study’s design and out- 
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reach efforts until they hear otherwise. “My 
hope is that things will change and the study 
will be mounted,” says one principal investiga- 
tor, demographer Barbara Entwisle of the Uni- 
versity of North Carolina, Chapel Hill. 

The study’s many advocates, from the 
American Academy of Pediatrics to the March 
of Dimes, hope to turn things around. “Many 
of us believe the National Children’s Study is 
of tremendous importance to the future of 
health in this country, and we will not be 
accepting the decision to zero it out,” says 
John Porter, a former congressman and chair 
of Research! America. But some biomedical 
research lobbyists acknowledge that persuad- 
ing Congress to give NIH more than the presi- 
dent’s flat request is higher on their priority list 
than lobbying for additional funds for the 
children’s study. -JOCELYN KAISER 
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protein Ras is also modified by farnesyl- 
transferase. FTIs have so far proved disap- 
pointing in tackling solid tumors, notes 
Young. Still, they’re relatively nontoxic; one 
has been tested on children with cancer for 
more than 2 years. 

Last year, four research teams, including 
the UCLA group and Collins’s group, reported 
that FTI treatment of cells from HGPS chil- 
dren restored nuclei to their normal shape. But 
would that be enough to slow or stop the dis- 
ease, progeria researchers wondered? 

The study by the UCLA team begins to 
answer that question. FTI treatment of the 
team’s mutant mice significantly prevented the 
osteoporosis, slow growth, and loss of grip 
strength experienced by nontreated mice. The 
treated group, for example, averaged two rib 
fractures, whereas untreated mice sustained 14 
on average. Moreover, by 20 weeks of age, 
only | of the 13 treated mice had died, com- 
pared to 6 of the 14 untreated mice. Fong and 
Young and their colleagues are conducting 
larger and longer survival studies, but these 
early data have impressed others. 

“Tt’s a very careful and compelling study,” 
says Susan Michaelis of Johns Hopkins School 
of Medicine in Baltimore, Maryland, who led 
one of the teams showing FTIs’ effects on a 
cell culture model of HGPS. “I’m thrilled,” 
adds Gordon. FTIs “look more and more 
promising for these kids.” 

Young notes that his group “took a stab in 
the dark” at an FTI dose and that higher doses 
might produce even more benefit. He does 
caution that it’s unlikely that FTIs will prevent 
all the problems found in HGPS. Still, he says, 
“the families are going to be interested in any 
improvement, even if it is not a cure.” 

One caveat to the study is that the mouse 
strain used by the UCLA team does not have a 
mutation in the gene for lamin A. It instead has 
one that eliminates the ZMPSTE24 enzyme. 
This also results in prelamin A buildup at the 
nuclear membrane, but these mice may not 
completely mimic HGPS. For example, they 
don’t develop cardiovascular disease, but prog- 
eria children do. “Ninety-five percent die from 
a heart attack or stroke,” notes Collins, who is 
now testing FTIs on an HGPS mouse model 
that has some cardiovascular symptoms. 

Nevertheless, researchers are debating 
beginning a trial in the next few months, most 
likely at NIH’s clinical center. “I don’t think 
we’re prematurely rushing into this,” says 
Michaelis. “It’s reasonable, particularly in 
light of the extensive baseline studies currently 
being carried out.” Those tests, explains 
Collins, should help researchers quickly evalu- 
ate whether a drug is working. 

“Tt’s time,” says Young, noting that at a fall 
progeria conference, he met the parents of a 
3-year-old boy with a severe case of HGPS. 
The child died in January. -JOHN TRAVIS 
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Stop thinking. Too much delib eration 
can lead to unsatisfying furniture. 


PSYCHOLOGY 


Tough Decision? Don't Sweat It 


Buying oven mitts and buying a car demand 
completely different types of decision- 
making. Most people would scarcely think 
about the mitts and agonize over the car. That’s 
exactly the wrong way to go about it, accord- 
ing to a provocative new study. 

On page 1005, Ap Dijksterhuis and col- 
leagues at the University of Amsterdam in the 
Netherlands report a series of experiments with 
student volunteers and real-life shoppers that 
suggests that too much contemplation gets in the 
way of good decision-making—especially 
when the choice is complicated. Conscious 
deliberation is best suited for simple decisions 
such as choosing oven mitts, the researchers 
argue, whereas complex decisions like picking a 
car are best handled by the unconscious mind. 

“They’re elegant experiments with a simple 
design and eye-popping result,” says Timothy 
Wilson, a psychologist at the University of 
Virginia in Charlottesville. The research 
should “stimulate some useful new thinking” 
among decision researchers, says Daniel 
Kahneman of Princeton University. 

The problem with conscious thought, 
Dijksterhuis contends, is that you can only 
think about so many things at the same time. 
He hypothesized that decisions that require 
evaluating many factors may be better handled 
by unconscious thought processes. 

To test the idea, Dijksterhuis and col- 
leagues asked volunteers to read brief descrip- 
tions of four hypothetical cars and pick the one 
they’d like to buy after mulling it over for 
4 minutes. The researchers made the decision 
far simpler than it is in real life by limiting the 
descriptions to just four attributes such as 
good gas mileage or poor legroom. One of the 
cars had more plusses than the others, and 
most participants chose this car. But when the 
researchers made the decision more complex 
by listing 12 attributes for each car, people 
identified the best car only about 25% of the 
time—no better than chance. The real surprise 
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came when the researchers distracted the par- 
ticipants with anagram puzzles for 4 minutes 
before asking for their choices. More than half 
picked the best car. The counterintuitive con- 
clusion, Dijksterhuis says, is that complex 
decisions are best made without conscious 
attention to the problem at hand. 

To test the idea in a more natural setting, 
the researchers visited two stores: the interna- 
tional furniture store IKEA and a department 
store called Bijenkorf. A pilot study with vol- 
unteer subjects had suggested that shoppers 
weigh more attributes when buying furniture 
than when buying kitchen accessories and 
other simple products commonly purchased at 
Bienkorf. The researchers quizzed shoppers 
at the two stores about how much time they’d 
spent thinking about their purchases and then 
called them a few weeks later to gauge their 
satisfaction. Bijenkorf shoppers who spent 
more time consciously deliberating their 
choices were more pleased with their pur- 
chases—evidence that conscious thought is 
good for simple decisions, Dijksterhuis says. 
But at IKEA, the reverse was true: Those who 
reported spending less time deliberating 
turned out to be the happiest. 

Jonathan Schooler, a psychologist at the 
University of British Columbia in Vancouver, 
says the study builds on evidence that too much 
reflection is detrimental in some situations. But 
“it adds an important insight” by identifying 
complexity as a key factor in determining which 
kind of thought process leads to the best deci- 
sion. Schooler isn’t ready, however, to dispense 
with conscious thought when it comes to com- 
plex decisions. “What I think may be really crit- 
ical is to engage in [conscious] reflection but not 
make a decision right away,” says Schooler. 

Dijksterhuis agrees. When an important 
decision arises, he gathers the relevant facts 
and gives it his full attention at first. Then, he 
says, “I sit on things and rely on my gut.” 

—-GREG MILLER 
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BIOTECHNOLOGY IN CHINA 


Doubts Over New Antibiotic 
Land Co-Authors in Court 


BEIJING—A bioengineering triumph at 
Sichuan University in Chengdu, China, has 
been dismissed as a “scientific fabrication” by 
six of the 18 authors who worked on it. But 
the project chief at Sichuan has hit back: 
Last week, Qiu Xiao-Qing sued two of his 
co-authors—cum-critics, charging that they 
have injured his and his employer’s reputations. 

After the Sichuan team described a specific 
antibacterial protein called pheromonicin in 
the November 2003 issue of Nature Biotech- 
nology, Chinese media anointed the discovery 
as a “major breakthrough in human anti- 
biotics.” However, simmering concerns about 
the high-profile work escalated into a public 
brawl last month after a critique appeared on a 
popular Chinese Web site dedicated to expos- 
ing academic misconduct. 

The fracas centers on an 18 December 
letter to Nature Biotechnology in 
which the critics—some 
of whom also have a 
business dispute with 
Qiu—allege that the 
pheromonicin findings 
were contradicted by data 
known to Qiu before the 
article announcing the dis- 
covery went into print. They 
also claim that “some of us” 
were included as co-authors 
without their knowledge. In the 
letter, posted 1 January on the 
fraud-busting Web site New 
Threads |(www.xys.org), the six 
say that they were slow to air the 
charges because they became aware 
of the paper’s defects only after read- ” 
ing a recent Chinese translation. 

The authors sent their explosive 
letter to Nature Biotechnology at the urging 
of Prophet Biopharmaceuticals, says com- 
pany president Jonathan Shao. Prophet, reg- 
istered in Wilmington, Delaware, bought 
rights to develop Qiu’s discovery outside 
China but now feels it was “fooled,” says 
Shao. He adds that he helped translate the 
critics’ letter and that a colleague in China 
subsequently released the text to New 
Threads. Since then, three reviews have been 
launched: at Nature Biotechnology; at 
Sichuan University, which employs Qiu; and 
at the University of Connecticut Medical 
Center in Farmington, which employs the 
second corresponding author, George Wu. 

At a press conference last month, Qiu dis- 
missed the charges as part of a commercial dis- 
agreement. Four of the letter signers are 
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employed by Chengdu Yanghui Biotechnology, 
a subsidiary of Sichuan NTC Holdings Limited, 
which licensed the discovery from Qiu in 2002. 
But two of them—Zhang Shuhua and Ou Zhen- 
rong—are government researchers at the 
National Sichuan Antibiotic Industrial Institute, 
Laboratory of Pharmacology, with no known 
financial stake in the case. At the request of 
investors, Qiu provided sample material for an 
analysis by Zhang and Ou, and he received a 


ent 


copy of their pri- 

vate report after it 

was completed 

in March 2003, 

according to Shao. The 

report found that the sample had 

broad antibacterial effects. Critics cite this 

as evidence that pheromonicin was not “targeted 

... against specific bacteria,’ as the subsequent 
Nature Biotechnology paper claimed. 

Last week, Qiu sued the two Sichuan Insti- 
tute scientists in Chengdu’s Wuhou District 
Court, seeking an apology and about $1200 in 
compensation. Qiu’s attorney was quoted in the 
Chengdu Economic Daily as saying the suit sin- 
gled out the pair because their report on 
pheromonicin’s lack of specificity is being cited 
by the critics—and it is wrong. In a telephone 
interview, Qiu told Science that the March 2003 
report was largely “irrelevant” to his paper, but 
that he had included its authors “to show respect 
for their work on the original data,” part of 
which he used in the paper. 

The second corresponding author on the 
Nature Biotechnology paper, Wu, a gastro- 
enterologist, says that in retrospect he cannot 
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Counterattack. Qui Xiao-Qing dismisses charges by 
co-authors challenging a report of a new antibiotic 
published in Nature Biotechnology in 2003. 
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tell whether the data are sound. The paper’s 
topic—bioengineered antibacterial pro- 
teins—is “totally out of my field,” he told 
Science. He says he helped translate the 
report into English and suggested ways to 
“beef up the experiments with some con- 
trols” and “put this together in a presentable 
way.” “Qiu is a friend of mine,” he added, but 
“T have not seen the original data.” 

At Prophet’s request, Zhao Lijun, a bio- 
chemist now at the University of North Car- 
olina, Greensboro, says that in 2004 he reexam- 
ined the Nature Biotechnology paper and the 
technical analysis of pheromonicin by the 
National Sichuan Antibiotic Industrial Institute. 
Zhao says he immediately realized that the 
claim of specificity in 
the Nature Biotechnol- 
ogy paper could not be 
right. He adds that 
Tibet West Pharma- 
ceuticals, a partner of 
NTC Holdings, tried to 
replicate the work but 
failed to do so, con- 
cluding instead that the 
material provided by 
Qiu was contaminated 
with streptomycin. Qiu 
regards this finding as 
“ridiculous” because 
the same company had 
earlier produced a 
50-gram quantity of 
pheromonicin. 

Zhao, who says he 
has no financial stake 
in this project, charged 
ina May 2005 letter to Nature Biotechnology 
that Qiu’s material was contaminated with 
streptomycin; the letter is still in review. The 
journal’s editor Andrew Marshall contacted 
Zhao on 18 January saying he is gathering 
more information before making a decision. 
Marshall was traveling and unavailable to 
comment before Science went to press. 

Two other reviews are under way. The Uni- 
versity of Connecticut Health Center will 
decide “within days” whether a preliminary 
inquiry is warranted, says spokesperson James 
Walter. Sichuan University announced on 
16 January that it had set up an investigation 
committee composed of university and outside 
experts, as yet unnamed, but set no timetable. 

“Sichuan University regards the safe- 
guarding of academic purity and scientific 
dignity as being as important as its own life,” 
says university vice-president Li Guangxian. 
“We will clarify the controversy.” Qiu is con- 
fident the reviews will vindicate him. “I have 
nothing to be afraid of,” he says, because facts 
will speak the truth. 

-GONG YIDONG AND ELIOT MARSHALL 
Gong Yidong writes for China Features in Beijing. 
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IT'S NEVER EASY BEING THE NEW KID IN 
class. By the time you arrive on the scene, the 
social network is well-established. All the 
others know their places and have forged 
connections with one another. Act shy and 
you’ll never fit in. You’ve got to be outgoing if 
you want to survive. 

The cruel social dynamics of the school- 
yard have a parallel in the daunting situation 
faced by newborn neurons in the mature 
brain. Now that the long-held dogma that the 
brains of adult mammals don’t make new 
neurons has been refuted, neuroscientists are 
trying to figure out how adult-born neurons 
integrate into neural circuits that are already 
up and running. The picture of new neurons 
that’s emerging is one of social gadflies 
rather than wallflowers. 

Compared to older, established neurons, 
the newbies are hyperexcitable and adaptable. 
They act in many ways like neurons in the 
embryonic brain, readily making new 
synapses with other neurons and changing the 
strength of these connections. These charac- 
teristics seem to mesh well with the popular 
notion that new neurons play a role in the 
kinds of brain plasticity that underlie learning 
and memory. One recent study, for example, 
suggests that new neurons help adult mice 
learn novel odors. 

“T think there’s been huge progress” in 
understanding how new neurons mature and 
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Neurons born in the adult brain are highly adaptable. 
But what are they good for? 


New Neurons 
Strive to Fit In 


make working connections with other neu- 
rons, says Hongjun Song of Johns Hopkins 
University in Baltimore, Maryland. 

Research on new neurons should ulti- 
mately reveal whether aberrations in adult 
neurogenesis—already described in disorders 
as diverse as epilepsy, depression, and drug 
addiction—are a cause or effect of such 
conditions. Such work also may have impli- 
cations for future stem cell therapies for 
brain disorders. 


Learning and memory 
For decades, neuroscientists thought that the 
brain was one of the few mammalian organs 
that doesn’t replenish its cells throughout life. 
This idea fell to pieces in the 1990s when 
researchers documented newborn neurons in 
the brains of adult mice and then in human 
brains. In particular, the hippocampus, a key 
memory center, proved to be a relative hot 
spot for neurogenesis in rodents and people. 
That finding, along with previous work 
demonstrating neurogenesis in the hippocampi 
of seed-caching birds and in regions of the 
songbird brain that are involved in song 
learning, suggested that new neurons might 
play a role in learning and memory (Science, 
B January 2003]p. 32). 

That suggestion has been strengthened by 
several studies that demonstrated learning 
impairments in animals whose brains were 
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treated with radiation to kill off dividing cells, 
or with cancer drugs that do the same. But 
although the low doses used in these experi- 
ments didn’t make the animals overtly sick, 
the treatments may have had effects on the 
brain other than stopping neurogenesis— 
making it hard to know the true cause of the 
learning deficits. To clinch the case, 
researchers would like to find a way to stop 
neurogenesis cold without interfering with 
anything else. New genetic tricks may provide 
a way to do that. 

In October 2005, Fred Gage, a neuro- 
scientist at the Salk Institute for Biological 
Studies in La Jolla, California, and col- 
leagues reported in Nature that Wnt proteins, 
key regulators of neural stem cells during 
development, also regulate neurogenesis in 
the adult hippocampus. When the researchers 
injected a virus carrying a gene that enhances 
Wht activity into the hippocampi of mature 
mice, neurogenesis increased. A virus carry- 
ing another gene that reduces Wnt activity 
abolished neurogenesis almost completely. 

Gage’s team is now using this approach to 
investigate the link between neurogenesis and 
learning. At a satellite symposium at the 
annual meeting of the Society for Neuro- 
science last November in Washington, D.C., 
Gage’s postdoc Sebastian Jessberger pre- 
sented preliminary results from experiments 
in which he injected the virus that interferes 
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Meet the new kids. Adult-born neurons (green) 
have to carve out a niche among more established 
cells (blue) in the mouse hippocampus. 


with Wnt signaling into the hippocampi of 
adult rats. These rats performed much worse 
than untreated rats on a task that tested their 
recognition of an object they’d seen a week 
earlier, suggesting that neurogenesis indeed 
plays a role in long-term memory. 

“This is a cleaner approach” to turning off 
neurogenesis than radiation or chemotherapy 
drugs, says Jeffrey Macklis, a neuroscientist at 
Harvard Medical School in Boston. Still, he 
and others caution that manipulating Wnt 
could have other effects on the adult brain. 

Mackdlis, along with postdoc Sanjay Magavi 
and other colleagues, recently reported a dif- 
ferent approach to investigating the role of 
new neurons. Rather than attempting to elimi- 
nate neurogenesis, the team studied the behav- 
ior of newborn neurons in the olfactory bulb 
of adult mice by examining the expression of 
so-called immediate early genes (IEGs), 
which increases in active neurons. It’s very 
difficult to directly record the electrical activ- 
ity of olfactory bulb neurons, Macklis says, 
but IEG expression is widely regarded as a 
reliable indicator of neural activity. 

Olfactory bulb neurons begin responding 
to odors about 2 weeks after they are born, the 
team reported in the 16 November Journal of 
Neuroscience. Even though the adult-born 
neurons are a tiny minority of neurons in the 
olfactory bulb, they responded to novel odors 
in larger numbers than did mature neurons. 
And this difference became even more pro- 
nounced with repeated exposures to a once- 
novel odor: The number of responsive adult- 
born neurons nearly doubled in a 7-week 
period, whereas the number of responsive 
mature neurons declined. The findings sug- 
gest that new neurons are essential for learn- 
ing new odors, Macklis says: “We think it’s 
the first direct evidence of a function of 
adult-born neurons.” 

“Tt’s a great paper,” says Gerd Kempermann, 
who studies adult neurogenesis at the Max 
Delbriick Center for Molecular Medicine in 
Berlin, Germany. The work shows that new neu- 
rons are integrated into the olfactory bulb in a 
meaningful way and may have a function distinct 
from that of older neurons, Kempermann says. 

Additional evidence supports the learning 
connection. In 2004, a team led by Josef 
Bischofberger at Freiburg University in Germany 
reported in Nature that synapses formed by 
newborn neurons in the adult hippocampus are 
more malleable than those of more mature neu- 
rons. In experiments with slices of hippocampal 
tissue from adult rats, the team found that new 
neurons are more excitable than old neurons and 
can more readily strengthen or weaken their 
synaptic connections with other neurons—just 
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the type of plasticity neuroscientists think 
underlies learning and memory. 


Only the active survive 
At a symposium at the neuroscience meeting, 
Bischofberger and others presented additional 
details on the physiology of new neurons that 
suggest activity is a key to survival. Adult-born 
neurons that don’t pick up on the buzz of elec- 
trical activity among their neighbors and add 
something useful to the conversation are less 
likely to integrate into the existing neural 
circuitry. And failure to fit in can be lethal to 
those new neurons, just as it can be in the 
developing brain, where neural activity helps 
weed out bad connections. 

Song presented work, also published in the 
2 February issue of Nature, suggesting that the 
neurotransmitter y-aminobutyric acid (GABA) 
plays an important role in this selective weed- 
ing. GABA dampens the activity of mature 
neurons, but previous research has shown that it 
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GABA, the new neurons can’t integrate, Song 
says: “They don’t have dendrites, they don’t 
form synapses, and they die.” 

Another study presented at the sympo- 
sium suggested that adult-born neurons com- 
pete to survive in their new environment— 
another parallel to brain development. 
Ayumu Tashiro, a postdoc working with 
Gage at the Salk Institute, described experi- 
ments on NMDA receptors, cell surface pro- 
teins sensitive to the neurotransmitter gluta- 
mate. Many experiments have implicated 
NMDA receptors in neuron survival in the 
developing brain. Tashiro used a combination 
of genetic manipulations to inactivate 
NMDA receptors in about 10% of new neu- 
rons in the hippocampi of adult mice. He also 
genetically labeled the cells so he could later 
determine how well they’d integrated into the 
hippocampus. 


Growing up. Neurons born in the adult mouse hippocampus mature in about 4 weeks and go through a 
series of stages that mirrors the development of embryonic neurons (left to right). Although they initially 
respond to the neurotransmitters GABA and glutamate, only later do they form synapses with older neurons 


and produce spikes of electrical activity. 


has the opposite effect on newborn embryonic 
neurons. Song’s team found that GABA also 
excites new neurons in the hippocampuses of 
adult mice even before they’ve formed 
synapses with other neurons, presumably 
because receptors on the new cells’ surface 
detect GABA that leaks out from the synaptic 
connections between older neurons. In essence, 
the newcomers eavesdrop on the conversations 
of their elders. 

Song’s team prevented GABA from excit- 
ing newborn neurons by injecting a short piece 
of RNA that blocked expression of a chloride 
channel on the neurons’ surfaces. This changed 
the cells’ physiology in a way that made GABA 
inhibitory, as it is in mature neurons. The 
altered neurons soon developed withered 
dendrites, the branches that receive inputs 
from other neurons. If they aren’t excited by 
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Not very well, it turns out. Many of the 
altered neurons appeared to be dying 2 to 
3 weeks after they were born, Tashiro reported, 
suggesting that NMDA receptor activation, 
presumably via synaptic connections from 
more established neurons, is necessary for 
survival. Additional work indicated that it’s not 
the overall amount of NMDA receptor activa- 
tion that counts but the amount relative to other 
neurons. When Tashiro injected a drug that 
reduced NMDA receptor activity across the 
hippocampus, putting the altered new neurons 
on more equal footing, more of them survived. 
The bottom line seems to be that new neurons 
that get good connections survive, whereas 
those that don’t perish—just as they do in the 
developing brain. 

Another study that draws strong parallels to 
brain development comes from Alejandro 
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Schinder and colleagues at the 
Fundacion Instituto Leloir in 
Buenos Aires, Argentina. In 
the 2 November Journal of 
Neuroscience, the team painted 
a detailed picture of the matu- 
ration of adult-born hippocam- 
pal neurons. They monitored 
the movement and changing 
shapes of the neurons by label- 
ing them with a fluorescent 
dye and examined how their 
electrical activity and respon- 
siveness to different neuro- 
transmitters shifted with time. 
“The [maturation] sequence is nearly identi- 
cal” to what happens during embryonic devel- 
opment, Schinder says. 

“During early development, there’s a critical 
period where neurons are capable of a greater 
degree of plasticity,” says Linda Overstreet 
Wadiche, a neuroscientist at Oregon Health & 
Science University in Portland. Much of the 
new work is converging on the idea that adult- 
born neurons recapture this youthful flexibility, 
Wadiche says: “It’s not just that [adult] neuro- 
genesis is adding new cells; it’s adding a new 
type of neuron.” 

Kempermann theorizes that new neurons 
optimize the hippocampus to process novel 
and complex stimuli. Based on his data, 
Macklis suspects a similar role for new neu- 
rons in the olfactory bulb. Both brain regions 
are ancient structures that help animals deal 
with novel and complex features of their sur- 
roundings, Macklis notes. New neurons may 
give these parts of the brain additional plastic- 
ity that couldn’t be accomplished by tweaking 
existing synapses, as happens throughout the 
brain. “It makes sense evolutionarily that one 
would want to ... allow whole new circuits to 
form by the integration of a steady stream of 
new neurons,” Macklis says. 


New neurons and disease 
A better understanding of the physiology of 
new neurons in healthy brains should help 
researchers evaluate the role of adult neuro- 
genesis in the diseased brain as well. An uptick 
in neurogenesis, perhaps as a compensatory 
response, has been proposed to accompany 
several types of brain injury, including stroke 
and neurodegenerative disorders such as 
Alzheimer’s and Parkinson’s disease. There’s 
also evidence that depression reduces neuro- 
genesis and that antidepressant drugs work by 
promoting it, at least in rodents (Science, 
2003}, p. 757). Yet little is known about whether 
newborn neurons in diseased brains success- 
fully integrate into existing circuitry, let alone 
whether they could be exploited to restore the 
function of damaged circuits. 

In some cases, they may even compound 
the problem. At the Society for Neuroscience 
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Sniff, sniff. Adult-born neurons (green) in the olfactory bulbs of mice respond 
preferentially to novel odors. 


meeting, Wadiche reported that epileptic 
seizures speed up the maturation of new neu- 
rons in adult mice, prompting the cells to form 
synapses more quickly than usual, and in some 
cases, to form inappropriate contacts with 
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other neurons. It’s a nice demon- 
stration of how pathology can 
affect new neuron integration, 
says Song. 

Figuring out what new neurons 
have to do to integrate into the adult 
brain could have important impli- 
cations for researchers trying to 
maximize the brain’s limited innate 
capacity to heal itself or design 
stem cell therapies for brain injury 
and disease. Based on what’s 
known so far, however, it may be 
naive to expect that just plopping 
some neural stem cells down will 
do the trick, says Macklis: “If we’re going to 
repair neural circuits, we’re going to have to 
very carefully activate new neurons so that 
they’re incorporating into the existing circuits.” 
—GREG MILLER 


Scientists’ Suicides Prompt 
Soul-Searching in China 


A spate of deaths has raised questions about whether China's scientific community 
is piling too much stress on young researchers 


BEIJING—Mao Guangjun seemed destined 
for scientific stardom. In September 2001, the 
32-year-old theoretical physicist, just home after 
a postdoc stint in Japan, signed a 3-year contract 
as a full professor with the Institute of High 
Energy Physics (IHEP) of the Chinese Academy 
of Sciences (CAS) in Beijing. However, his 
personal and professional life soon soured, and 


Stress relief. Some young scientists need help to 
cope with increased pressures, says Li Daguang. 
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in 2004, IHEP declined to renew his contract. 
He landed a position at another university but 
would never report for duty: On 14 September 
2005, Mao, 36, jumped to his death from the 
fourth floor of his apartment complex. 

Although academic stresses weighed on 
Mao, family members and colleagues told 
Science, no one can say for certain whether 
those pressures caused him to take his own life; 
he did not leave a suicide note. But Mao’s death 
and those of a handful of other young researchers 
in recent months have lifted the lid on simmer- 
ing discontent among young scientists in China. 
Their concern is that some institutions, in 
pressing to gain on the West, are making life 
intolerable for vulnerable researchers. That’s a 
hot topic these days on Web sites frequented by 
Chinese academics, including }www.sohu.com| 
a Beijing-based information clearinghouse, 
a US.-based site aiming to expose 
fraudulent academic behavior in China, and 
an information site run 
out of China’s Guangdong Province. In the 
words of one anonymous researcher on China 
Hexie, “Mao Guangjun’s death reflects the 
flaws of the current management system for 
Chinese intellectuals.” 

The wave of introspection has prompted 
some academics to question China’s newfound 
obsession with a sacred cow of Western science, 
publish-or-perish. And the suicides have 
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focused attention on a clutch of programs 
launched in the last decade to entice young 
Chinese scientists working abroad to come 
home. The most competitive, the One Hundred 
Talent Project, provides young stars with gener- 
ous lab-start-up funds, housing allowances, and 
salaries higher than those of some senior scien- 
tists. Although the program has no formal 
requirements for awardees to demonstrate their 
value, there is plenty of informal pressure on 
them to prove their mettle. 

The stresses at elite institutes like IHEP are 
now nearly on a par with those felt in the West, 
scientists say. It is no longer the age of the 
“Big Rice Bowl,” says Zhang Zongye, a CAS 
academician at IHEP. “Competition has become 
increasingly intense and unavoidable,” she says. 


Disqualification 

Returnees like Mao tend to get preferential 
treatment, whether or not they receive 
One-Hundred-Talent status. After earning a 
Ph.D. from the China Institute of Atomic 
Energy in 1995, Mao spent 2 years in Germany 
as a Humboldt Research Fellow, then 18 months 
in Japan on a fellowship. “Mao was a good 
young scientist, very focused and did not have 
any big flaws,” says Zhao Enguang, Mao’s 
postdoctoral supervisor at the CAS Institute of 
Theoretical Physics in Beijing. 

When Mao returned to China at the end of 
2000, his Ph.D. adviser, Zhuo Yizhong, recom- 
mended him to IHEP. At the time, the institute had 
few scientists in their early 30s, says Zhang. A 
committee of IHEP and outside experts endorsed 
hiring him as a full professor. In hindsight, Zhang 
says, it would have been better to have started him 
off as an associate professor, with fewer expecta- 
tions. People returning from abroad usually need 
time to settle down and readjust to China’s work 
environment, adds Wu Ke, a mathematician at 
Capital Normal University in Beijing. 

Several factors conspired to make Mao’s 
transition difficult. For starters, once at IHEP he 
had to move from nuclear physics into an unfa- 
miliar but trendy field, nuclear astrophysics. 
After such a change, says Zhuo, “it would have 
been difficult for him to produce any significant 
results within 3 to 5 years.” And Mao was having 
problems at home. Both Zhuo and Mao’s mother 
say his marriage failed, he slept poorly, and read- 
ing gave him headaches. Nevertheless, Zhuo 
says, Mao recovered and was able to concentrate 
again on his work. 

In October 2004, a 14-member expert com- 
mittee met to review Mao’s work. His output in 
3 years consisted of four papers—including 
three in Chinese journals—and a monograph of 
his pre-IHEP research. According to a statement 
issued by IHEP after Mao’s death, 11 panel 
members voted to “disqualify” him from his 
position. The statement notes that the panel con- 
sidered Mao’s academic achievements, research 
program, future plans, and academic ability. 
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Zhuo contends that IHEP’s evaluation sys- 
tem, which puts a premium on short-term 
achievement, is “heavily flawed.” Zhao agrees 
and points to what he views as a growing prob- 
lem in China. “It is not appropriate to judge a 
scientist’s work merely by the number of papers 
he has published, nor is it convincing to attach 
too much importance to overseas publications,” 
he argues. “It is more important to look at the 
quality of papers instead of quantity.” Zhang, 
who was on the committee, responds that the 
panel did not base its judgment solely on Mao’s 
publications. “We also looked at his ideas guid- 
ing his current work and found them not so 
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researchers, aged 39 and 41, also killed them- 
selves. Academy officials deny that the deaths 
were work-related. 

Others see a disturbing pattern. The tragedies 
at the Agricultural Academy and IHEP suggest 
that some young scholars are too brittle to cope 
with today’s academic pressure cooker, says Li 
Daguang, a professor of science communication 
at CAS’s graduate school in Beijing. Young stars 
who have worked abroad claim they are espe- 
cially vulnerable. In comments posted to 
one young scientist described 
the difficulties he encountered after returning to 
China when he was 29 years old to take up a 


Pressure cooker? An emphasis on publication records and other measures commonly used in Western 
countries have added to the demands on young scientists in Chinese labs. 


promising,” she says. The panel’s decision could 
not be appealed. 

With help from Wu Ke, in July 2005 Mao 
landed a job as an instructor at Beihang Uni- 
versity, also known as Beijing Aeronautics 
University. But before the start of the autumn 
term, Mao ended his life. 


Frustration 

Another cautionary tale is that of Wu Jianyi, a 
39-year-old specialist in plant breeding at the 
Hunan Academy of Agricultural Sciences. 
Shortly after joining the academy in 1999, Wu’s 
department was spun off as a company called 
Xiangyuan Guaguo (Melon and Fruit) Seedling 
Co. Ltd. His wife, Feng Zhili, recalls that Wu 
complained repeatedly that his skills lay in 
research, not marketing. Nevertheless, Wu’s 
research budget was pegged to earnings derived 
from seed sales. 

At a company meeting in late March 2004, 
Wu was berated for not bringing in enough rev- 
enue to cover his own salary, says Feng. A week 
later, he leaped to his death from the top of their 
five-story apartment building. In the 2 months 
before Wu’s suicide, two other academy 
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professorship, sponsored by the One Hundred 
Talent Project, at the Institute of Modern Physics 
in Beijing. Soon after his return, he wrote, he 
often thought of jumping from his office win- 
dow. His solution to his despair was to take a job 
abroad. “The research environment in China is 
still not as good as in Western countries,” he 
wrote. “People coming back from abroad have to 
deal with guanxi [personal relations] if they want 
to get research funding and other things needed 
for their experiments.” 

The bottom line is that more care must be 
taken to safeguard the physical and mental well- 
being of young scientists, says Li. Zhang agrees 
that counseling should be available for young 
scientists who struggle to maintain their mental 
equilibrium in intense work environments. And 
younger scientists should shoulder lighter bur- 
dens, argues Zhao. Young people are more likely 
to be creative, but they often lack management 
experience, he says. Asking young scientists to 
run a project before they are mature is a recipe 
for disaster, Zhao says. For Mao, that lesson has 
come too late. 

—-DING YIMIN 
Ding Yimin writes for China Features in Beijing. 
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RETROVIRUS MEETING 


Novel Attacks on HIV Move 


Closer to Reality 


At a recent conference, AIDS researchers reported new insights into the epidemic’s 
origins and progress on treatment and prevention 


DENVER, COLORADO—Neither the hunt for an 
AIDS vaccine nor the search for a cure has made 
much progress lately, but at the 13th Conference 
on Retroviruses and Opportunistic Infections 
held here last week, researchers reported several 
advances that may lead to novel ways to treat and 
prevent HIV infection, as well as to a clearer 
understanding of the epidemic’s origins. 

Perhaps most encouraging, said one of the 
meeting organizers, Constance Benson of the 
University of California, San Diego, a powerful 
new drug that cripples HIV’s ability to weave 
itself into human chromosomes has made an 
important leap forward in human trials. The 
drug, made by Merck and dubbed MK-0518, 
inhibits the integrase enzyme, which the virus 
requires to copy itself. The antiretroviral drugs 
now on the market target different parts of 
HIV’s life cycle. 

Beatriz Grinsztejn of the Oswaldo Cruz 
Foundation in Rio de Janeiro, Brazil, described 
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New target. An integrase inhibitor may soon join the arsenal of anti-HIV drugs 
that attack reverse transcriptase, protease, and viral entry. 


a multisite, placebo-controlled clinical trial of 
MK-0518 that involved 167 people infected 
with multidrug-resistant HIV. MK-0518 low- 
ered the level of HIV to below 400 copies per 
milliliter—a 99% drop—in 80% of the treated 
participants. “That’s a tough population, and to 
get 80% [of patients] below 400 copies is about 
as good as it gets,” said Michael Saag, who 
heads the AIDS research center at the University 
of Alabama, Birmingham (UAB). 

A smaller, shorter study reported last fall 
revealed that the drug was also safe and potent 
in HIV-infected people who had never taken 
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an antiretroviral. If the drug works in larger 
trials and serious toxicities do not surface, 
said Benson, “it will change the paradigm of 
treatment.” Merck is launching two studies in 
several countries to assess MK-0518’s safety 
and efficacy in large groups of people with 
drug-resistant infections and hopes to seek 
U.S. approval next year. 


Prophylactic progress 

A monkey experiment of two anti-HIV drugs 
already on the market, tenofovir and FTC, shed 
new light on a promising prevention strategy. 
Researchers are staging six trials around the 
world in HIV-uninfected but high-risk people to 
see whether tenofovir alone can work as so-called 
pre-exposure prophylaxis (PrEP), thwarting the 
virus if a person is exposed. Early studies in 
monkeys with tenofovir PrEP demonstrated its 
potential, although last year, researchers from 
the U.S. Centers for Disease Control and Preven- 
tion (CDC) in Atlanta, 
Georgia, reported that 
the protection didn’t 
seem robust. Tenofovir 
PrEP solidly thwarted 
an intentional attempt 
to infect the animals 
once, but by the 15th 
“challenge” with the 
AIDS virus, no animal 
remained protected. 

¥ In a new study of 
the same design, 
CDC’s Walid Heneine 
and co-workers added 
FTC to tenofovir (a 
combination drug 
sold commercially as 
Truvada) and found 
that all six monkeys 
remained protected 
after 14 challenges. “I think it’s fantastic,” 
said Myron Cohen of the University of North 
Carolina, Chapel Hill. “It’s an extremely com- 
pelling piece of work that raises the ante of 
what we should test.” 


HIV’s origins 

Two groups studying wild chimpanzees in 
Cameroon reported progress in deciphering 
HIV’s origins. These teams previously had dis- 
covered persuasive evidence that chimps harbor 
a simian immunodeficiency virus called SIVcpz 
that became HIV-1—the predominant cause of 
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Dirty work. To find new isolates of the virus that 
evolved into HIV-1, researchers in Cameroon collected 
more than 1000 samples of ape feces. 


AIDS in humans—but they had found precious 
few infected animals with which to make the 
case. By analyzing 1300 fecal samples from wild 
apes, the groups found SIVcpz in several geo- 
graphic areas and then genetically characterized 
dozens of new isolates. “They’re closing in on 
some very hot stuff,’ said James Hoxie, who 
studies HIV and SIV at the University of Penn- 
sylvania. “It’s compelling genetic evidence.” 

The new work found more than 30 strains of 
SIVepz, tripling the number previously discov- 
ered. The researchers took advantage of the fact 
that chimps cannot swim, which means that 
rivers naturally separate different communities 
and block the spread of viruses. For the first time, 
they found chimp communities in which SIVcpz 
infection was widespread—in one, up to 35% of 
the individual animals analyzed had the virus in 
their feces. “Our eyeballs popped out of our 
heads,” said Brandon Keele, who works with 
Beatrice Hahn at UAB. In a separate presenta- 
tion, Fran Van Heuverswyn, part of a team 
headed by Martine Peeters of the Institut de 
Recherche pour le Dévelopement in Montpellier, 
France, described how two of the isolates more 
closely matched HIV-1 causing the human epi- 
demic than any found in the past. 

Building on the new data, Paul Sharp, who 
studies molecular evolution of pathogens at Not- 
tingham University in the U.K., went a step fur- 
ther back in time to explain the origin of SIVcpz. 
Researchers have discovered different SIVs in 
more than 30 species of monkeys. Sharp’s new 
analysis suggests that the SIVcpz closest to 
HIV-1 is a combination of SIVs isolated from 
red cap mangabeys and monkeys from the 
Cercopithecus genus. 

Filling in the final piece of the origin puzzle, 
Sharp said the virus must have reached a major 
city to start the AIDS epidemic. He posited that a 
person became infected in rural Cameroon and 
then traveled by river to Kinshasa, Democratic 
Republic of Congo. Kinshasa has the greatest 
genetic diversity of HIV-1, suggesting that the 
virus has been there longer than anywhere else. It 
also was home to the first known HIV-infected 
person, a Bantu man who had his blood sampled 
in 1959 for a malaria study. 

-JON COHEN 
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Combating the Bird Flu Menace, 


Down on the Farm 


Arace is on to beef up avian influenza surveillance and train scientists in some of the 


poorest corners of Southeast Asia 


VIENTIANE AND PHNOM PENH—According 
to Buddhist tradition, a pinch of salt repels evil 
spirits. For Maha Ouan, lime does the trick. Ona 
farm 15 kilometers northeast of Vientiane, the 
capital of Laos, Ouan sprinkles the disinfectant 
on dirt tracks and around chicken enclosures to 
repel an evil not found in sacred Buddhist writ- 
ings: the HSN] avian influenza virus. In January 
2004, the dreaded strain swept into this impover- 
ished country, wiping out 45,000 chickens 
before a mass cull smothered the outbreak. 
Ouan got lucky: The avian reaper bypassed his 
18,000 egg layers. He realizes that was a fluke, 
though, and isn’t taking any chances. “Who 
knows whether bird flu will 
come back,” he says. 

Odds are it will. Few Laotian 
farmers share Ouan’s zeal for 
hygiene and for keeping live- 
stock penned. Chickens, ducks, 
and the occasional scruffy hog 
outnumber people along the road 
back into town, lined with rip- 
pling flags, always in pairs— 
Laos’s full moon over a blue 
Mekong River and the Commu- 
nist rulers’ Soviet-esque hammer 
and sickle against a red back- 
ground. Free-ranging animals 
“are a very serious concern” 
because they can fan the flames 
of an outbreak, says David 
Castellan, a poultry expert with 
the California Department of 
Food and Agriculture in Sacra- 
mento, who spent 6 weeks in 
Laos late last year. 
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So far, Laos and neighboring Cambodia 
appear to have been spared the worst. Laos has 
not detected bird flu since 2004, and not one 
person has tested positive for HSN1. Cambodia 
has had only sporadic flare-ups among birds 
and just four human cases. Yet, the regional pow- 
ers that sandwich them—Thailand 
and Vietnam—have grappled 
with frequent outbreaks and a 
large share of the global total of 
91 human deaths attributed to 
H5N1 since 2003. This strain is 
more likely to rear up on large 
commercial poultry farms, which 
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stem the spread of bird flu, such as keeping chickens caged (inset). 
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Basic training. A technician in Phnom Penh’s new 
avian diagnostics lab prepares to test samples of 
duck blood for bird flu antibodies. 


are common in Thailand and Vietnam, experts 
say. But the quiet in Cambodia and Laos does 
not mean that health officials here can afford to 
be complacent. “Something could happen at any 
time,” notes Somphanh Chanphengxay of 
Laos’s Ministry of Agriculture and Forestry. 

Thanks to a $1.9 billion windfall, pledged by 
the United States, the European Union, the 
World Bank, and other donors in Beijing last 
month (Science, 27 January, p. 456), Laos, 
Cambodia, and other Southeast Asian nations 
are redoubling efforts to strengthen surveil- 
lance, both by training health workers on what 
to look out for and by equipping new labs. The 
cash infusion will help these countries transform 
their scientific corps, greatly bolstering their 
capacities to anticipate and track future disease 
threats. In some areas, they are starting from 
scratch: Laos, for example, plans to set up its 
first-ever faculty of veterinary science at 
National University in Vientiane. 

The scientific buildup here is coming not a 
moment too soon. “Southeast Asia is the first line 
of defense” against a potential pandemic, should 
the HSN1 strain acquire the ability to pass easily 
among people, says Finn Reske-Nielsen, U.N. 
resident coordinator for Laos. “There has to be a 
minimum capacity to say, “Something funny is 
going on here. This has to be reported.’ ” He 
hopes to see adequate 

surveillance put in place 
over the next several 
months. “It’s a huge, 
huge challenge.” 


Extreme makeovers 
In a modern lab in the 
heart of Phnom Penh, 
two technicians squeeze 
drops of duck blood 
from syringes into 
small plastic vials. The 
women, staff members 
of Cambodia’s National 
Animal Health and Pro- 
duction Investigation 
Centre (NAHPIC), are 
going to spin the blood down 
and probe the serum for avian 
influenza antibodies. Outside, 
the squeals of children at play 
can be heard from a primary 
school next door. “We have to 
be very careful here,” says 
NAHPIC’s director, Sorn San. 

A year ago, the Cambodian 
government was incapable of 
routine surveillance. Before 
HSN1 descended, the govern- 
ment had no facility to detect 
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any strain of bird flu and had few staff members 
qualified to work with infected specimens. “A 
lot has happened since then,” San says. 

Over the past several months, Cambodian 
authorities have outfitted an avian influenza 
diagnostic lab at NAHPIC, using funds 
raised over the past 2 years by the U.N.’s Food 
and Agriculture Organization (FAO). The 
center now has 31 staff, most of whom have 
B.Sc. degrees from the Royal University of 
Agriculture. “They’re young and need more 
expertise,” says San, one of the few intellec- 
tuals who survived the brutal Khmer Rouge 
years before earning a veterinary degree in 
Cuba in the 1980s. 

Nowadays, hundreds of Cambodians each 
year stream overseas to earn advanced 
degrees. “The problem is that few come 
back,” says a U.N. official. Laos, too, suffers 
an acute shortfall of young scientists. Most 
Laotian researchers are in their late 30s or 
older, having earned degrees in the East 
Bloc, says Chanphengxay, who trained in 
Hungary. When the Soviet Union collapsed, 
opportunities for training dried up. In Laos, 
says Reske-Nielsen, “basically there are five 
people in the Ministry of Health who are 
qualified” to deal with bird flu. 

FAO is helping close the expertise gap, in 
part by sending young scientists from Cambodia 
and Laos abroad for training. And it has sent in 
a one-man cavalry: Huaguang Lu, an avian 
virologist at Pennsylvania State University, 
University Park, who in 2002 developed a cheap 
dot-ELISA (enzyme-linked immunosorbent 
assay) test for rapidly identifying the fast- 
mutating HS and H7 subtypes of bird flu. Lu 
has assisted San in setting up NAHPIC’s lab, 
teaching staff how to handle avian influenza 
samples, isolate viruses in chicken embryos, 
run dot-ELISA to detect the H subtype, and use 
agar gel immunodiffusion to check for anti- 
bodies. A planned expansion later this year, 
paid for by funds raised in Beijing, will enable 
researchers to carry out the polymerase chain 
reaction (PCR) for rapid diagnosis of HSN1 
and add a walk-in cooler and an incubator 
room. The NAHPIC lab “will be one of the 
most advanced avian diagnostic labs in the 
region,” says Lu. 

Epidemiologist Wantanee Kalpravidh, FAO’s 
avian influenza coordinator for Southeast Asia, 
is impressed with how far Cambodia has come in 
such a short time. “Lu is very, very energetic,” 
she says. And he’s persuasive, too: “When he 
asks for something,” such as convincing officials 
to hire more technicians or provide more lab 
space, “people cannot resist,” she says. 

Lu is helping establish a similar facility in 
Vientiane. When chickens began dying in 
droves in early 2004, Laos lacked the capacity to 
confirm H5N1 as the culprit; that was done in 
Thailand. “They never had a virology lab in 
their history,’ Lu says. 
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The need for handling nasty pathogens was 
great, though, even before H5N1. Laos has 
struggled to stamp out foot-and-mouth disease, 
which prevents it from legally exporting beef 
and buffalo meat. Laos is also grappling with 
swine fever and hemolytic septicemia. To boost 
surveillance of these perennial foes, the Ministry 
of Agriculture and Forestry a few years ago 
began building a lab at the National Animal 
Health Centre (NAHC) in Vientiane. But Laos’s 
economy tanked just before avian influenza 
struck, halting construction. 

On NAHC’s grounds overlooking the 
Mekong, the unfinished three-story lab cen- 
ter, a concrete frame with brick walls 
but no windows, sits behind a dilapi- 
dated corrugated steel fence. Center 
staff, some wearing Adidas tracksuits, 
toil in cramped quarters next door. The 
bird-flu lab was carved out of two tiny 
rooms in NAHC’s 75-year-old 
main complex. Funds channeled 
through FAO have enabled NAHC 
to install a biosafety hood for han- 
dling virus-laden blood, and Lu 
has trained staff to run the same 
virus-isolation, dot-ELISA, and 
antibody tests used in Phnom 
Penh. The Laos government is 
seeking about $800,000 from for- 
eign donors to complete construc- 
tion of the new building. 

Like its counterpart in Cambo- 
dia, NAHC’s lab is strictly for animal 
samples. “We still don’t have the 
capacity to make diagnoses in 
humans,” says Sithat Insisiengmay, a microbiol- 
ogist at Laos’s Ministry of Health. He hopes to 
dispatch staff to the United States for training and 
at the same time upgrade biosafety in a health 
ministry lab to allow it to work with tainted 
human blood. Samples from five suspected cases 
since 2004 were sent to Tokyo for testing; none 
were positive for HSN1. Insisiengmay hopes 
Laos will be able to do PCR on denatured human 
blood by the end of 2006. 


Casting a wider net 
The most urgent need is heightened vigilance. 
“We worry a lot about undetected outbreaks in 
small backyards,” says Chanphengxay. This 
blind spot isn’t restricted to Cambodia and 
Laos. Myanmar hasn’t reported a single bird 
flu case in poultry or people. Given its brittle 
relations with the country, FAO cannot judge 
whether Myanmar’s surveillance is up to snuff. 
A lucky find in Cambodia illustrates how 
easy it is to miss an outbreak. Last August, a 
team from NAHPIC and the Pasteur Institute in 
Phnom Penh, on a routine surveillance mission, 
drew blood from a couple of dozen young 
ducks from a domestic flock in Prey Véng 
province, about 80 kilometers east of the capi- 
tal. Some samples had antibodies to H5, 
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prompting a closer look. When researchers 
followed up last October, they discovered that 
roughly 600 of 800 ducks in the flock had died 
the previous July. “I was shocked,” says the 
Pasteur’s Sirenda Vong. “When we were there 
in August, nobody had reported this to us.” 
They expanded the study, drawing blood 
from 41 flocks and interviewing farmers. More 
than half the flocks had been hit 

with mass die-offs, 


Sign of the times. An economic downturn has prevented Laos 
from finishing construction of this animal-health laboratory. 


and antibody tests nailed HSN1. “The virus was 
all over the place,” Vong says. 

Detecting future HSN1 outbreaks in ducks 
and tracking the virus’s origins are top priorities, 
says Vong, a 41-year-old medical epidemiologist 
who returned to Phnom Penh in late 2004 after a 
4-year stint at the U.S. Centers for Disease 
Control and Prevention in Atlanta, Georgia. In 
December, Vong’s Pasteur team, working with 
NAHPIC, deployed about 100 sentinel ducks at a 
lake near Kampong Cham, 100 kilometers 
northeast of Phnom Penh; they plan to swab 
cloacae and tracheas and draw blood from the 
tagged ducks twice a month. And Pasteur plans 
to work with the Wildlife Conservation Society 
to look for HSN1 in excrement of migratory 
birds that pass through Cambodia on their way to 
northern breeding grounds. 

But although Pasteur has put a watch on Prey 
Véng and Kampong Cham, it can’t keep tabs on 
all of rural Cambodia. “If people aren’t reporting 
bird deaths, we’re not going to detect anything,” 
Vong says. It’s unknown, he says, how often out- 
breaks in ducks flare up and die out on their own. 

Hand in hand with better monitoring is the 
need to raise public awareness of the H5SN1 threat. 
“We need to reach families,” says Insisiengmay, 
who notes that in Laos alone, 85% of poultry is 
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kept in backyards. To disseminate bird-flu warn- 
ings more widely, the government is now translat- 
ing data sheets in Lao into languages of ethnic 
minorities, including the Hmong and Khmu. 
Laos’s diverse ethnic groups “pose a huge chal- 
lenge for risk communication,” says Castellan. 
Last December, Castellan worked with FAO to 
train health workers in the Laotian hinterlands, 
including Champasack, a high-risk province bor- 
dering Thailand and Cambodia that was hit hard 
in 2004. “This is where the rubber hits the road,” 
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he says. Their messages were simple: Raise chick- 
ens, ducks, geese, and other poultry separately, 
sell live poultry separately from processed poultry 
products, and practice good personal hygiene. 
However, “it’s very difficult to change the 
minds of farmers,” says San. For example, rural 
Cambodians have no fear of eating chickens 
that die of Newcastle disease. In unvaccinated 
flocks, this virus has a mortality rate exceeding 
50%, rivaling that of H5SN1. “It’s hard to distin- 
guish between Newcastle and avian influenza” — 


What Good Is a Patent? Supreme 
Court May Suggest an Answer 


Two cases raise fundamental questions about the scope of a patent and the right 
balance between protecting innovation and hindering commerce 


Next month, the Supreme Court will hear two 
cases that could punch holes in a strong 
patent regime credited with fostering the 
remarkable growth of the U.S. biotechnology 
industry. Experts predict that the high court 
may rein in a specialized lower 
court that has shaped U.S. 
patent policies for the past 
2 decades. At a minimum, the 
court’s involvement reflects a 
world increasingly dependent 
on intellectual property. 

The two cases pose key 
questions about what can be 
patented and the force a 
granted patent should have in 
the marketplace. In Laboratory 
Corp. v. Metabolite, a case 
involving two makers of 
diagnostic blood tests, the 
high court will probe the lim- 
its of patenting basic scien- 
tific principles. In eBay v. 
MercExchange, the court 
could rule on how much a 
patent holder can interfere 
with the activities of a com- 
pany or organization infring- 
ing on its patent. (A third case 
up for review this spring 
would give the court a chance 
to decide how obvious a pro- 
posed invention must be to be 
denied a patent.) Together, the 
cases could have “major, 
major impacts” on existing 
patents and future applica- 
tions in a range of disciplines, 
says former U.S. commis- 
sioner of patents Nicholas 
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Godici of Birch, Stewart, Kolasch & Birch 
LLP, based in Falls Church, Virginia. 

The cases come amid calls for reforming a 
system bogged down by questionable patents 
and expensive lawsuits. Although a 2004 


YYePG Proudly Presents, Thx For Support! 


even for a veterinarian, says San. The best 
strategy, he says, is to insist that chickens that 
succumb to disease are buried, not eaten. 
“We’re trying to train the village health workers 
to put a stop to that,” San says. 

Transforming rural lifestyles ““won’t happen 
overnight,” Castellan says. But on the front 
lines of Southeast Asia, the battle to stave off a 
pandemic flu strain is likely to be won or lost not 
in the cities, but down on the family farm. 

—-RICHARD STONE 


report by the National Research Council of 
the National Academies concluded that the 
system “does not require fundamental 
changes,” it warned that further deterioration 
of patent quality could “impede research 
progress” and discourage innovators from 
“invent[ing] and disseminat[ing] technology.” 
Last year, Congress took up the issue, but dis- 
agreements over patent quality and the appro- 
priate use of injunctions against violators 
derailed proposed legislation (Science, 17 June 
2005, p. 1725). 

The framers of the U.S. Constitution 
included patents as a way “to promote the 
progress of science.” For nearly 2 centuries, 
the United States has had some of the 
strongest patent rights of all nations. But 
since the founding of the specialized Federal 
Circuit appellate court in 1982, the system 
has struggled to find the best way to protect 
discoveries in biotechnology, information 
technology, and other emerging fields. 

Because the Supreme Court rarely intrudes 
on the appellate court’s turf on major issues, 
patent lawyers say its decision to accept the two 
cases suggests that the justices might want to 
step in and review how far the lower court has 
gone. But some patent lawyers turn queasy at 
the thought of having nine “outsiders” take on 
the system. “They think the [Federal Circuit] 
needs to be tightened down,” says attorney 
Vern Norviel of Wilson, Sonsini, Goodrich & 
Rosati in Palo Alto, California. Under a 
worst-case scenario, says Kevin Noonan of 
McDonnell, Boehnen, Hulbert & Berghoff 
LLP in Chicago, Illinois, the court’s upcoming 
rulings could imperil “thousands of [granted] 
patents” and “harm innovation.” 


Can you patent nature? 

The first case centers on defining what is a 
natural phenomenon and, therefore, not 
patentable. Metabolite has rights to a patent 
for measuring blood levels of the amino acid 
homocysteine, but the patent also covers use 
of the test to infer levels of vitamins B-12 and 
B-6, which help break down homocysteine. In 
1999, Metabolite and another company sued 
Laboratory Corp.—called LabCorp—for 
patent infringement and breach of contract. A 
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jury found LabCorp guilty of both offenses 
and awarded Metabolite $4.7 million in dam- 
ages. The Federal Circuit upheld the judgment 
on appeal, further adding that doctors who use 
homocysteine levels to deduce vitamin B lev- 
els, regardless of the method they use, 
“directly infringe” Metabolite’s patent each 
time they order the test and interpret the med- 
ical implications. 

LabCorp argues that the relationship 
between homocysteine and vitamin B is a nat- 
ural phenomenon that should not be patented. 
Many patent lawyers expect the 
high court to strike down that part 
of the patent, but they fear that the 
court may also scale back the 
kinds of things that can be 
patented. They divine the court’s 
intention from its willingness to 
review LabCorp’s submitted argu- 
ment that the patent’s assaying step 
was “indefinite, undescribed, and 
nonenabling” and the court’s ques- 
tions submitted to the U.S. solici- 
tor general last year on whether 
Metabolite’s patent should have 
been “invalid because one cannot 
patent ‘laws of nature, natural phe- 
nomena, and abstract ideas.’ ” 

Physicians believe the assaying- 
correlating step of the patent is 
invalid and fear that judicial 
approval of such a step would open 
the floodgates to other spurious 
patents. Such patents “operate to 
chill, not to promote, the progress 
of science ... [and] the sound practice of medi- 
cine,” wrote a coalition of medical societies, 
including the American Medical Association, 
in an amicus curiae brief to the high court. In 
another brief, Affymetrix, the Santa Clara, Cal- 
ifornia—based gene array maker, urges the court 
to strike down the correlating part. Metabolite’s 
brief warns that the wrong decision could dis- 
qualify drug patents because it would mean the 
inventors “merely discovered that certain 
chemicals interact with the human body in 
ways directed by chemistry.” 

Although many attorneys think that exam- 
iners went too far in awarding a patent on the 
correlating step to Metabolite, they worry that 
any corrective action by the high court will set a 
new and restrictive precedent. That could 
upend Federal Circuit decisions allowing 
patents on business methods, software, or 
biotechnology not spelled out in the aged patent 
laws. That would be a mistake, argues Hal Weg- 
ner of Foley and Lardner LLP in Washington, 
D.C., noting in a recent essay that future tech- 
nologies “require an open door to patent eligi- 
bility” to win backing from Wall Street. 

Parts of the biotech industry would be 
likely to feel the pinch from a restrictive court 
ruling, says Norviel. A growing roster of firms 
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LabCorp v. Metabolite 


Originally filed: 1999 
Oral arguments: 21 March 


At issue: Patenting scientific 
principles 


rely on test-plus-correlate claims for gene 
expression tests, including Genomic Health in 
Redwood City, California. Another is those 
that have developed methods of detecting can- 
cer or other diseases. Such innovations won’t 
be developed “if that sort of relationship is not 
patentable,” says Norviel. 


The power of a patent 

One week after LabCorp, the justices will hear 
a case that tests whether a company found to 
infringe another’s patent should automatically 


Originally filed: 2001 


Setting the bar. The U.S. patent community is abuzz over a pair of cases to be 
heard next month by the Supreme Court. 


be stopped from further use of that patent. The 
eBay case pits the $55-billion-a-year online 
auctioneer against MercExchange, a small 
Virginia company that had patented some 
online auction methods beginning in 1998 but 
failed to commercialize them. 

In 2003, a jury found eBay to be infringing 
on a patent for an auction method and awarded 
MercExchange $35 million. Such a ruling usu- 
ally leads to a court-mandated prohibition of 
the use of an invention by the infringer, a dis- 
ruption that would have cost eBay much more 
than the damages levied by the jury. But the 
court denied MercExchange’s request for an 
injunction, citing a 1954 law that allows courts 
to reject requests for injunctions if they do not 
follow “the principles of equity.” 

Early last year, the Federal Circuit Court 
disagreed and said the lower court should 
have given MercExchange the injunction. 
Such injunctions should be the “general rule,” 
it opined, barring an “exceptional” public 
need such as a medical emergency. That rul- 
ing divided the high-tech community. Bio- 
pharma attorneys welcomed the decision, 
noting that the near certainty of an injunction 
is a big disincentive for generic drugmakers 
to go into production if there is a chance they 
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eBay v. MercExchange 


Oral arguments: 29 March 


At issue: Power of a patent holder to 
halt an infringer’s business 
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may be caught infringing a patent. But com- 
munication and software lawyers—including 
those who represent RIM, the Canadian 
maker of the popular Blackberry e-mail 
device now facing patent woes—say that the 
threat of an automatic injunction gives too 
much leverage to companies seeking licens- 
ing fees for insignificant patents that they 
have acquired on the open market. They 
would like the courts to limit injunctions on 
behalf of these so-called patent trolls. The 
same issue scuttled the negotiations last year 
on the House reform bill. 

In its brief, eBay argues that the 
Federal Circuit has overstepped its 
authority. A 1908 Supreme Court 
ruling that a company need not 
commercialize an invention to 
receive an injunction, it said, 
should be overturned if it “pre- 
cludes equitable discretion.” If the 
high court agrees, say some patent 
experts, university researchers 
may find it harder to collect licens- 
ing revenue from their inventions 
if they don’t commercialize them. 
Also, says Noonan, “Small biotech 
Davids need injunctions to fight 
big company Goliaths.” 

Advocates who believe the 
patent system needs tweaks but 
not wholesale changes hope the 
high court treads lightly in these 
fundamental areas. Richard 
Taranto of Farr and Taranto in 
Washington, D.C., forecasts 
“modesty” by the court in deference to its 
inexperience. But Joshua Sarnoff of Washing- 
ton College of Law at American University in 
Washington, D.C., speculates that the court 
may be interested in a major reform of the 
legal framework the Federal Circuit has cre- 
ated. He cites the fact that the high court 
ignored pleas by the U.S. government not to 
take the LabCorp case. Yet patent attorneys are 
also mindful of a 2002 decision involving 
cylinder manufacturers in which the high 
court expanded the rights of patent holders by 
reversing the Federal Circuit on an issue 
related to similar inventions. 

The justices are expected to rule on both 
cases before the end of their current term in 
June. But that may not be their final word on 
patents. This spring, the high court is 
expected to decide whether to accept a case 
involving yet another fundamental patent 
issue: how high to set the obviousness bar for 
inventions. That can be a crucial factor in 
determining whether a new technology 
receives a patent. Fans of the status quo hope 
the court decides not to take the case, involv- 
ing brake mechanisms. If it does, arguments 
will be heard in the fall. 

—ELI KINTISCH 
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SCIENCE & ENGINEERING 
VISUALIZATION CHALLENGE 


CALL FOR ENTRIES 


SCIENCE AND ENGINEERING’S MOST POWERFUL STATEMENTS 
ARE NOT MADE FROM WORDS ALONE 
When the left brain collaborates with the right brain, science emerges with art to enhance communication and 
understanding of research results—illustrating concepts, depicting phenomena and drawing conclusions. 


The National Science Foundation (NSF) and the journal Science, published by the American Association for the 
Advancement of Science, invite you to participate in the fourth annual Science and Engineering Visualization 
Challenge. The competition recognizes scientists, engineers, visualization specialists and artists for producing or 
commissioning innovative work in visual communication. 


ENTRY DEADLINE: MAY 31, 2006 


Award categories: Photographs, Illustrations, Interactive Media, Non-Interactive Media and Informational 
Graphics. Winners in each category will be published in the Sept. 22, 2006 issue of Science and Science Online, and 


will be displayed on the NSF Web site. 
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POLITICS 

POLICY KING. A Canadian banker turned 
policy guru has been named the first president 
of the Canadian Academies of Science (CAS). 

Peter Nicholson, 63 (below), lost his job 
last month as a top adviser to Liberal Prime 
Minister Paul Martin after Canadian voters 
replaced Martin with Conservative Stephen 
Harper. Nicholson's diverse experience “ 
inside and outside government” makes 
him an obvious choice for the job, says CAS 
Chair Howard Alper. 

Royal Society past president William Leiss, 
who campaigned for a decade for the cre- 
ation of the academies (Science, 22 October 
2004, p. 589), is dis- 
appointed that CAS 
didn't pick somebody 
from among the 
2200 elected mem- 
bers of its three 
founding organiza- 
tions: the Royal 
Society, the Canadian 
Academy of 
Engineering, and the 
Canadian Institute of 
Advanced Medicine. “This is Canada doing its 
own thing once again,” he says. 

Nicholson hopes to silence such critics 
with his performance. “My approach to public 
service has been pretty nonpartisan,” he asserts. 
He'll have plenty of opportunity to demonstrate 
that: A stated goal of CAS is to crank out 50 
reports over the next 10 years on a variety of 
issues to be selected by the government. 


MONEY MATTERS 

PATRON SAINT. Johns Hopkins University in 
Baltimore, Maryland, this month received 
$100 million for stem cell research and other 
campus initiatives from an anonymous donor 
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CHANGING SIDES. The latest official to spin through Washington’s revolv- 
ing door is Lester Crawford, a veteran Food and Drug Administration offi- 
cial who left FDA last fall after 2 months as commissioner. The 67-year-old 


Crawford, who cited his age as the reason for retiring, last month joined a Washington, D.C., 
lobbying firm, Policy Directions Inc., as senior counsel. The firm’s recent clients include 
Merck, the National Association for Biomedical Research, and PhRMA, an industry group. 

“This is, at the least, ethically a serious conflict of interest,” says Sidney Wolfe of Public 
Citizen, a Washington, D.C., nonprofit and frequent critic of FDA. Crawford won’t be lobbying 
the agency, the firm says, and will therefore stay on the right side of a federal law that prevents 
such activity by ex-administrators for a year after quitting government. “A lobbyist can still be 
effective without lobbying his former colleagues” directly, says Massie Ritsch of the 
Washington, D.C.—based Center for Responsive Politics. 


thought to be Michael Bloomberg, the billionaire 
mayor of New York City. The former chair of 

the university's board of trustees and a 1964 
graduate of the school, Bloomberg has publicly 
given Hopkins $107 million in previous years 
and similar amounts anonymously, according 
to The Baltimore Sun. 

Bloomberg has not denied news reports 
identifying him as the man behind the donation. 
Johns Hopkins spokesperson Dennis O’Shea 
won't confirm or deny that the gift comes from 
him. But he says “it is very clear that Mayor 
Bloomberg considers public health issues 
extremely important.” 


MOVERS 

GLOBAL IMPACT. The Bill & Melinda Gates 
Foundation has picked a senior drug industry 
researcher to lead its efforts to bring new 
drugs and vaccines to the developing world. 
Tadataka Yamada, 60, chair of research and 
development at GlaxoSmithKline (GSK) since 
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2001, will become 
executive director 
of the $28.8 billion 
foundation's global 
health program in 
June. He replaces 
Richard Klausner, 
who left in December 
to head a new venture 
capital fund in 
Seattle, Washington. 
A physician and former chair of internal 
medicine at the University of Michigan 
Medical School, Yamada tried to make 
GSK’s research more efficient by organizing 
scientists around a half-dozen disease- 
specific teams. His background makes him 
well suited to help the foundation unite 
academic researchers and industry behind 
treatments for neglected diseases, says 
Seth Berkley, president of the International 
AIDS Vaccine Initiative. 


ENVIRONMENTAL SYNERGY. United Nations Secretary-General Kofi Annan hopes to turn a 
$500,000 prize for environmental leadership into a foundation to promote agriculture and women’s 
education in Africa. Last week, Annan received half of the Zayed Prize, funded by the crown prince 
of Dubai, for launching the Millennium Ecosystem Assessment 


project (Science, 1 April 2005, p. 41). A $300,000 slice of the 
biennial $1 million prize went to the global assessment 
project itself, and the remaining $200,000 to panel co-chairs 
Angela Cropper and Emil Salim, the former Indonesian 


environmental minister. 


Annan first emerged as an environment champion at the 
2002 world summit on sustainable development in 
Johannesburg, South Africa. He has stood out among envi- 
ronment advocates for his focus on “the link between eco- 
systems and long-term economic health,” says James Sniffen 
of the U.N. Environment Programme in New York City. 


at 


Previous Zayed winners include former U.S. president Jimmy Carter and Nigerian climate sci- 
entist Godwin Obasi, co-founder of the Intergovernmental Panel on Climate Change. 
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LETTERS 


edited by Etta Kavanagh 


The Language of Fighting 
Invasive Species 


IN HIS ARTICLE “WINNING THE WAR AGAINST ISLAND INVADERS” (NEWS 
Focus, 2 Dec. 2005, p. 1410), K. Krajick presents an interesting point of 
view about eradication of exotic species on islands. However, despite the 
fact that exotic species are a leading cause of biodiversity loss, there is 
growing concern about the language (/) and the attitude (2) used by 
researchers in this area, since they may not be the most appropriate ways to 
capture the attention and support of laypeople. Gobster argues that the lan- 
guage used is too aggressive and strategies, such as eradication, are too 
brutal, pushing some organizations to stand against programs controlling 
exotic species. Public support is a fundamental part of any successful pro- 
gram dealing with exotics, and it has been shown that taking account of 
invader impacts is an important axis of biological conservation (3, 4). 
Biological invasions are complex: Interventions against rats that 
established on islands several centuries ago may require some discussions on possible nontar- 
get effects and methods, but waiting to see the impact of a recently introduced species before 
attempting eradication is a crime against ecosystems, given current knowledge on the impact of 
alien species (5). The challenge today is educating the public on the negative effects of exotic 
species to obtain their support. Reducing the strength of the language used could increase the 
support of some groups, together with education to help them understand that, given their 
effects and the difficulties in predicting the success of exotic species, eradication is in some 
cases the only logical solution. 
PHILIPPE CLERGEAU? AND MARTIN A. NUNEZ? 


INRA SCRIBE, Campus de Beaulieu, 35042 Rennes cedex, France. “Department of Ecology and Evolutionary Biology, University 
of Tennessee, 569 Dabney Hall, Knoxville, TN 37996, USA. 
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IN HIS NEWS FOCUS ARTICLE, “WINNING THE 
war against island invaders” (2 Dec. 2005] p. 


warfare. Humans, they say, are prosecuting an 
aggressive war against defenseless nonhuman 


| EDUCATION FORUM | 


1410), K. Krajick makes extensive use of the 
metaphor of warfare in his description of 
recent attempts to eradicate invasive species 
such as pigs and goats from island ecosystems. 
He writes, for instance, of the “war on pigs” on 
Santa Cruz Island and of a “war room” where 
professional hunters—no, “terminators”— 
gather to strategize. Ironically, though, some 
radical environmental activists who condone 
ecosabotage also like to use the language of 
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nature. Krajick ought therefore to be more cir- 
cumspect in his choice of words. Why play into 
the hands of those who think of themselves as 
“eco-warriors,” or of those in the animal rights 
movement who share their lack of compunc- 
tion about property destruction? Krajick’s 
description of an eradication program as an 
attempt by hired “terminators” to go after “the 
enemy” in hopes of “wiping out every last 
invader” will do nothing to help those who take 
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Feral pigs roaming on Santa Cruz Island. A program is currently under way 
to eradicate this invasive species from the island. 


animal welfare issues seriously (as we all 
should) to understand the ecological consider- 
ations that justify such programs. Since 
humans introduced the pigs to Santa Cruz 
Island, it makes sense to describe the eradica- 
tion program simply as an attempt to rectify an 
earlier ecological mistake, rather than as a war 
against the pigs. 

DEREK TURNER AND MICHAEL PATTERSON 


Department of Philosophy, Connecticut College, 270 
Mohegan Avenue, New London, CT 06320, USA. 


Doing More for Keisha 


IN THEIR EDITORIAL “DOING MORE FOR KATE” 
(16 Dec. 2005] p. 1741), T. Cech and D. 
Kennedy describe a young woman who might 
have been a productive scientist, but was 
transformed into a business major by the 
anomie of a large research university. Keisha, 
a valedictorian from a working class high 
school, was also overwhelmed at a large 
research university. Rather than changing 
majors, however, Keisha transferred to a 
smaller public comprehensive university. 
There she was soon noticed by an instructor, 
who drew out her story and introduced her to 
other faculty. She is now engaged in an under- 
graduate research project, is academically 
successful, and seems well on the way to grad- 
uate school and a scientific career. 
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Although efforts to energize teaching in 
large classes should be applauded, it is a mis- 
take to believe that this is more than a palliative 
for the real pathology that afflicts the US. sci- 
entific pipeline. The anecdotes about Kate and 
Keisha really say that scientific training and 
the development of a scientific workforce are 
intensely personal and human activities. This is 
not the mission of large research universities, 
nor are teachers of even the best large classes 
particularly good at it. 

Assuming that intellectual capability in the 
young is not determined solely by the income 
of their parents, perhaps the greatest unex- 
ploited pool of scientific talent exists among 
the children of the working class. It is the pub- 
lic comprehensive universities, those invisible 
and disregarded institutions, that are most 
likely and best qualified to mentor and develop 
this impecunious human resource. Yet it is pre- 
cisely those institutions that are being starved 
to death by state legislatures nationwide. 

If Cech and Kennedy are correct that the 
USS. scientific enterprise is threatened, then the 
science establishment might do even more for 
Kate and Keisha by attacking the political dis- 
ease rather than the pedagogical symptoms. 

WILLIAM S. BARNES 
Molecular Biology/Biotechnology Program, Department of 


Biology, Clarion University of Pennsylvania, Clarion, PA 
16214, USA. 


Genetic Research 
into Autism 


ACCORDING TO THE EXTREME MALE BRAIN (EMB) 
theory (“Sex differences in the brain: implica- 
tions for explaining autism,” S. Baron-Cohen 
et al., Viewpoint, p. 819), autism 
is characterized by extreme scores on two 
dimensions, empathizing (low) and systemiz- 
ing (high), typical of a very masculine brain. 
Baron-Cohen et al.’s account omits an impor- 
tant part of the causal story: Autism is perhaps 
the most highly heritable behavioral disorder. 
Data from our recent twin study speak to the 
genetic architecture of autistic-like dimen- 
sions. The model of two (or more) dimensions 
underpinning autistic behaviors may be critical 
for understanding the causes of autism. This is 
because low correlations exist between social 


Letters to the Editor 


Letters (~300 words) discuss material published 
in Science in the previous 6 months or issues of 

general interest. They can be submitted through 
the Web (www.submit2science.orq) or by regular 


mail (1200 New York Ave., NW, Washington, DC 
20005, USA). Letters are not acknowledged upon 
receipt, nor are authors generally consulted before 
publication. Whether published in full or in part, 
letters are subject to editing for clarity and space. 
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impairments (related to empathizing) and 
nonsocial behaviors like restricted repetitive 
behaviors and interests (related to systemizing) 
in the general population (/). Moreover, social 
and nonsocial behaviors are, like autism, both 
highly heritable, but largely genetically dis- 
tinct, both in the general population and at the 
extremes (2). Low genetic correlations suggest 
that different genes contribute to social and 
nonsocial autistic traits. However, there is no 
evidence from twin studies of sex-specific 
genetic effects, only mean sex differences 
(well-documented in the article) and an 
increasing male bias toward the impaired 
extreme (2, 3). The genetic mechanisms under- 
lying sex differences in relation to fetal testos- 
terone and autism still need to be mapped. 
ANGELICA RONALD, FRANCESCA HAPPE, 
ROBERT PLOMIN 
Social Genetic and Developmental Psychiatry (SGDP) 


Centre, Institute of Psychiatry, King’s College London, De 
Crespigny Park, London SE5 8AF, UK. 
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Response 

WE THANK RONALD E7 AL. FOR HIGHLIGHTING 
the need for more genetic research into autism 
and agree that genes are likely to play a major 
role in the cause of autism spectrum condi- 
tions. It is too early to say whether the relevant 
genes are sex-linked, sex-limited, sex-influenced, 
or sex-independent. Although we do refer to 
genetics on p. 822, because of the strict word 
limit, we confined our Viewpoint to topics with 
sufficient evidence for sex-related effects rele- 
vant to both the empathizing-systemizing 
(E-S) and EMB theories. Sex-related effects 
relevant to the E-S and EMB theories are clear 
at the psychological level and suggestive at the 
neuroanatomical level. More work is needed to 
clarify the role of fetal endocrinology. At present, 
there is insufficient evidence to identify candi- 
date genes that could give rise both to sex dif- 
ferences in empathizing and systemizing for 
the general population, and to a hypermas- 
culinization of these in individuals with autism 
spectrum conditions (/). 

Nevertheless, we agree with Ronald et al. 
that psychological, neuroanatomical, and 
endocrine effects are likely to be downstream 
of genetic antecedents. We can imagine that a 
gene such as the androgen receptor (AR) gene 
on the X chromosome would be a candidate in 
the EMB model, where variations in the CAG 
repeat length may be associated with pheno- 
typic variation between the sexes (2) and 
between autism and controls. 

Ronald e¢ al. (3) found that social (or what 
we call E, for empathizing) and nonsocial (or S, 
for systemizing) traits are largely independent 
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in a large normative twin sample. In our own 
studies, we too found that E and S are weakly 
but significantly negatively correlated in a nor- 
mative sample (r = -0.09), although in an 
autism spectrum sample, the correlation is 
stronger and still negative (r = -0.29) (4). This 
may be consistent with Ronald et al. (3) in that 
they observed “All extreme groups had a higher 
proportion of males than females.” So we might 
hypothesize that the low-E and high-S aspects 
of autism, although largely independent in the 
general population, both bear some permissive 
(although not determinative) relation to male- 
ness when they occur to extreme degrees. 
SIMON BARON-COHEN, REBECCA C. KNICKMEYER, 
MATTHEW K. BELMONTE 
Autism Research Center, Department of Psychiatry, 


Cambridge University, 18b Trumpington Road, Cambridge 
CB2 2AH, UK. 
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Acid Growth and Plant 
Development 


IN HIS PERSPECTIVE “GROWTH BY AUXIN: WHEN 
a weed needs acid” p. 60), M. 
Grebe asserts that the acid-growth theory 
describes how the plant hormone auxin 
(indole-3-acetic acid, IAA) stimulates cell 
elongation in developing organs such as leaves 
and roots. On the basis of this statement, he 
presents the hypothesis that the proton pump 
AVP! of the model plant Arabidopsis thaliana 
causes cell elongation via [AA-induced acid 
secretion. Grebe refers to a single review arti- 
cle (1) by Achim Hager, the spiritual father of 
the acid-growth concept. Hager’s wall acidifi- 
cation model is based on experiments with 
shoots of grass seedlings (coleoptiles, which 
are leaf-like axial organs). The hypothesis was 
proposed in 1971 and thereafter carefully eval- 
uated by scientists (/—4). 

The observations that (i) acid buffers (pH 
3.5 to 4.0) elicit a rapid short-term growth 
response in oat coleoptiles, (ii) IAA enhances 
the rate of proton extrusion so that a pH of 
about 5.0 is established in the growth-limiting 
organ walls, and (iii) metabolic inhibitors 
block both hormone-mediated wall acidifica- 
tion and cell elongation led to the postulate that 
auxin may initiate coleoptile elongation by 
rapidly lowering the apoplastic pH value from 
about 6.0 to about 4.8 to 5.0 (7). However, the 
fungal phytotoxin fusicoccin (FC), but not the 
naturally occurring growth hormone IAA, ful- 
fils the predictions of the acid-growth hypoth- 
esis of coleoptile elongation (2). FC rapidly 
activates a plasma membrane-localized proton 
pump fueled by adenosine triphosphate (P- 
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ATPase) and thereby causes an acid efflux into 
the walls (final apoplastic pH about 3.5 to 4.0). 
The resulting burst of organ elongation is 
accompanied by a rapid rise in the rate of cell 
respiration. These results are in accordance 
with the acid-growth hypothesis of FC action, 
which has become a well-supported theory (3). 
Corresponding experiments with [AA (and 
FC, used as a tool) led to the conclusion that 
auxin-induced proton secretion is insufficient 
to elicit growth: When a wall pH of 4.8 to 5.0 
was established by application of a suboptimal 
concentration of FC, no promotion of coleop- 
tile elongation occurred (2). Alternative con- 
cepts of [AA-mediated cell-wall expansion 
have been proposed that are currently under 
investigation (3, 5). 

In addition, Grebe states that the wall acid- 
ification hypothesis of elongation growth also 
applies to roots, as implicitly assumed by 
Hager (/). This is not the case (4). In develop- 
ing roots of grass seedlings, no positive acid 
(pH 4.0)-growth response has been recorded; 
at pH 3.5, organ elongation is reduced. In root 
cells, IAA inhibits rather than promotes the 
rate of proton secretion (4). 

U. KUTSCHERA 


Institute of Biology, University of Kassel, Heinrich-Plett- 
Strasse 40, D-34109 Kassel, Germany. E-mail: 


uni-Kassel.de| 
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Response 

KUTSCHERA COMMENTS ON THE PERSPECTIVE | 
wrote discussing a study by J. Li et al. 
(“Arabidopsis H*-PPase AVP1 regulates 
auxin-mediated organ development,” Reports, 
p. 121). This study provides the 
first functional genetic evidence that a 
plant proton pump, the pyrophosphate-driven 
Arabidopsis V-type ATPase AVP1, is required 
for auxin transport, cell wall acidification, 
organ growth, and development. Kutschera 
incorrectly states that I proposed that “the acid- 
growth theory describes how the plant hor- 
mone auxin (indole-3-acetic acid, IAA) stimu- 
lates cell elongation in developing organs such 
as leaves and roots.” I simply posed the ques- 
tion of whether AVP 1-mediated regulation of 
cell wall pH in roots or leaves involves an acid- 
growth mechanism similar to the one dis- 
cussed by Hager (/). Additionally, I asked 
whether AVP 1-dependent cell wall acidifica- 
tion may feed back on auxin transport, and 
whether AVP1 regulates intracellular transport 
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of auxin carriers and plasma membrane H*- 
ATPase (P-ATPase). 

My Perspective has touched off an unset- 
tled controversy among plant physiologists, 
as it remains a matter of debate as to what 
extent auxin-induced cell wall acidification 
contributes to elongation growth (/—5). 
Studies on several plant species experimen- 
tally support Hager’s acid-growth theory (J, 
3), originally proposed for stems of grass 
seedlings (/, 4). Other scientists, including 
Kutschera, have published evidence question- 
ing the theory (2, 5). 

Given the tools and experimental ap- 
proaches available at the time, most early stud- 
ies addressing acid-growth employed external 
application of [AA and/or the fungal phyto- 
toxin fusicoccin (FC), which plants do not 
produce endogenously (/—5). Kutschera cor- 
rectly points out that FC stimulates cell wall 
acidification more efficiently than externally 
applied auxin (2). However, exogenous appli- 
cation of auxin and FC alone cannot deter- 
mine whether plants intrinsically utilize 
auxin-dependent cell wall acidification to reg- 
ulate growth processes. 

Li and colleagues focus their discussion of 
AVP 1 function on auxin transport regulation, 
taking into account that the classic chemios- 
motic model of auxin transport has been 
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strongly supported by genetic and molecular 
studies (6). Similar to the work by Li and col- 
leagues, genetic loss- and gain-of-function 
studies of endogenous proteins required for 
cell wall acidification and auxin responses 
may now be combined with physiological 
experiments to address the relevance of auxin- 
induced acid growth in planta. Studies of acid- 


growth responses in Arabidopsis seedling 
stems (hypocotyls) have been initiated (7). 
Similarly, auxin-stimulated acid growth of 
tomato hypocotyls as well as its loss in the dia- 
geotropica mutant has been reported (7, 8). 
External application of auxin at high concen- 
trations stimulates hypocotyl (7) but inhibits 
root elongation in Arabidopsis and tomato (8, 


CORRECTIONS AND CLARIFICATIONS 


Random Samples: “Asian science on the move” (27 Jan., p. 447). The worldwide gross expenditure on research and 
development was reported wrongly. It comes to $830 billion and not $2.8 trillion as stated. 


Reports: “Restoration of auditory nerve synapses in cats by cochlear implants” by D. K. Ryugo et al. (2 Dec. 2005, p. 1490). 
On page 1490, the number of nonexperimental subjects conflicts with those listed in the Supporting Online Materials. The 
SOM is correct: Six congenitally deaf cats and four normal hearing cats were used as controls. 


Research Articles: “Logic of the yeast metabolic cycle: temporal compartmentalization of cellular processes” by B. P. Tu et 
al. (18 Nov. 2005, p. 1152). Several references were cited in the wrong places in the text. The correct sentences and cita- 
tions are as follows: “A recent study described a ~40-min respiratory oscillation that produces a genome-wide, low-ampli- 
tude oscillation of transcription during continuous culture (11, 12)... About two-thirds of the most periodic transcripts in 
the YMC encode components of mitochondria (Table 2) (14)... Might it be that an ancestral symbiont (35), endowed with 
the capacity to generate ATP by both respiratory and reductive pathways, used the two pathways in an oscillatory manner 
(Fig. 7B)?... Temporal compartmentalization of metabolic function also appears to take place during the circadian cycle of 
flies and mice (27, 28). The primitive cyanobacterium Synechococcus elongatus, which conducts both photosynthesis and 
nitrogen fixation, uses its circadian regulatory apparatus to ensure that these biochemically incompatible pathways are exe- 
cuted at temporally distinct phases of the circadian cycle (36). The circadian cycle drives the periodic expression of many 
genes encoding the rate-limiting enzymes of numerous metabolic processes (27, 28). Restricted feeding can entrain the 
circadian cycle (35, 36), perhaps through metabolic feedback impinging directly on the transcription factors that them- 
selves regulate circadian rhythm (39, 40).” 


Reports: “Treatment of autoimmune neuroinflammation with a synthetic tryptophan metabolite” by M. Platten et al. 
(4 Nov. 2005, p. 850). The hydroxyl group on the benzene ring at the 3” position on 3,4-DAA (anthranilic acid) in Fig. 1A 
should not be there. 


9), consistent with experiments cited by 
Kutschera. Intriguingly though, application of 
external auxin at low concentrations stimu- 
lates Arabidopsis root growth (9). These find- 
ings raise the question of which growth 
responses are physiological processes regu- 
lated by auxin within the range of its endoge- 
nous concentrations. Thus, it remains to be 
revealed exactly where auxin-regulated cell 
wall acidification constitutes an intrinsic 
mechanism regulating different aspects of 
plant growth. 

MARKUS GREBE 


Umea Plant Science Centre, Department of Forest Genetics 
and Plant Physiology, Swedish University of Agricultural 
Sciences, 90183 Umea, Sweden. E-mail: [markus.grebe@] 
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When Suburbs Collide 


Jennifer Wolch 


ccording to myth, the urban sprawl of 
A« Angeles and New York City will 

one day meet in a Nebraska cornfield. 
In Sprawl, Robert Bruegmann tells us not to 
worry about such an eventuality. He defines 
sprawl as “low density, scattered, urban devel- 
opment without systematic large-scale or 
regional public land-use planning.” The book 
is a lively discussion about why our current 
preoccupation with sprawl is unnecessary and 
why policies to address it are misguided. 

Bruegmann (a professor of art history, 
architecture, and urban planning at the Uni- 
versity of Illinois at Chicago) argues that 
sprawl has always been with us and that 
attempts to cast sprawl in a negative light are 
wrongheaded. He claims that remedies for 
sprawl have not produced the intended effects 
and that toying with urbanization patterns cre- 
ated by millions of individual decisions is a 
risky business. Debunking widely accepted 
myths, Spraw/ defends urban development as a 
largely beneficial expression of human desires 
that transcend geography and history. A wel- 
come tonic to anti-sprawl advocacy, the book 
forces us to rethink received wisdom. It will be 
widely read and debated by professionals and 
academics alike. 

All the more unfortunate then, that so many 
of the book’s arguments are wrong. Just like 
the “anti-sprawl campaigners” he takes to task, 
Bruegmann cuts corners in his quest to create a 
defense of sprawl. This is bad science, which 
can only lead to bad public policy. 

Where does Bruegmann go wrong? One 
flaw is his attempt to avoid the problem by 
defining it away. He correctly argues that cate- 
gories such as city, suburb, and exurb are fluid. 
What one generation decries as suburban 
sprawl the next sees as a target for historic 
preservation. But is exurbia sprawl? His 
answer is no. Although most people would 
regard as sprawl a “subdivision of two-acre 
ranchettes with mowed front lawns,” he 
declares that an “old farmhouse on two acres 
where the husband commutes to a job in a 
central city but the family farms the land them- 
selves” is not. According to Bruegmann, 
whether they farm or not is irrelevant, because 
agricultural surpluses mean we don’t need 
exurban land for food production. And he 
believes that the rich, rather than hurting cen- 
tral cities as they decamp to the exurbs, will 
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save the day: their downtown shopping allows 
older cities to retain some residents until they 
can be gentrified. This facile attempt to define 
away exurban sprawl and its effects is uncon- 
vincing in a country where, between 1970 and 
1990, over half the new residential land con- 
sumed was in lots over ten acres and over 90 
percent in lots of one or more acres. 
Bruegmann next conflates form with 
process. He argues that something akin to 
sprawl has characterized urbanization since 
the birth of cities. Indeed, such transhistoric- 
ity of sprawl implies that it is 
“natural” and has adaptive ben- 
efits for human societies. But 
arguing that the expansion of 
Europe’s medieval cities beyond 
their walls was driven by the 
same dynamics as the post— 
World War II suburbanization 
of American cities is mis- 
guided. Not only is the geo- 
graphic scale of the “city” vastly 
different, the forces driving growth—external 
threats, technologies, resource bases, eco- 
nomic and social structures, land tenure pat- 
terns, institutions of governance, etc.—are dis- 
similar. The superficial similarity in form 
masks enormous differences underlying 
process. Moreover, today many cities are no 
longer organized around a single center. 
Instead, the hinterland and multiple subcenters 
appear to be replacing the center. Bruegmann 
thus imposes a simplistic timeless organicism 
on urbanism that misses critical differences in 
the forces shaping cities across time and place. 
The author’s use of scientific evidence is 
also flawed. For example, we know that white 
flight from central cities with growing African 
American populations helped fuel 20th-century 
suburbanization and defensive municipal 
incorporation. In combination with exclusion- 
ary zoning, it also helped create wealth for 
white homeowners and their children. But 
Bruegmann dismisses the role of race on the 
grounds that one city (Minneapolis) with a 
small minority population still experienced 
sprawl. Or consider low-density development, 
which demonstrably depletes developable land 
and promotes more rapid rural-to-urban land 
conversion. Bruegmann claims that this does 
not matter because totally developed land in 
the United States occupies no more than 5% of 
continental land area, which allows the entire 
nation to live at “suburban densities” within 
the 65,000 square miles of Wisconsin. Such 
nonsensical aggregate data ignore the locale- 
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specific constraints that invariably make 
sprawl problematic. 

Confronted by issues of sustainability, 
Bruegmann complains that the concept is 
“warm and fuzzy” and relies on discredited 
notions of carrying capacity. He expects tech- 
nology to extend resources to meet rising 
global demand, and he disregards mounting 
scientific evidence of rapid ecosystem serv- 
ices depletion by cities. Sprawl may actually 
promote sustainability, he claims, because 
“Tajt low enough densities, most citizens 
would probably be able to generate, using 
wind, water, solar, and geothermal power 
sources, a great deal of the energy they need 
on their own land.” But what about habitat 
loss? No need to worry, because “species 
extinction is still not well understood” and 
needs more research. Similarly, Bruegmann 
concedes that human activities 
play a role in global warming, 
but “what can or should be 
done by whom and at what cost 
is still very much in dispute.” 
Sprawling cities and their auto- 
dependency may not contribute 
to global warming, so attention 
to urban greenhouse gas reduc- 
tion is unnecessary. This tac- 
tic—denying scientific evi- 
dence or consensus—has today become a 
depressingly familiar ploy to derail vital dis- 
cussions on public policy matters. 

After reviewing efforts to manage sprawl, 
Bruegmann concludes that results have been 
mixed at best. Even the nation’s largest smart 
growth experiment (Portland, Oregon) pro- 
vides no “silver bullet in the fight against 
sprawl.” Unlike many European nations, the 
United States lacks the stomach for compre- 
hensive land use management policies and 
suffers unanticipated negative effects from 
those policies that have been implemented. 
More important, sprawl is so good for so 
many, Bruegmann argues, that a market-driven 
approach to urban development is best. But 
because his ideas about the genesis of sprawl 
and its impacts are based on such weak sci- 
ence, his policy conclusions are inevitably mis- 
guided and impractical. The sustainability 
challenges created by a century of sprawl— 
concentrated poverty, fiscal disparities and socio- 
economic polarization, jobs-housing imbal- 
ance, pollution and human health risk, habitat 
loss and species endangerment—cannot be 
addressed by individuals, families, businesses, 
and governments independently trying to max- 
imize their utility. Concerted collective action 
has shaped cities in the past and is again 
needed to confront urban sprawl. Such action 
must be guided by the best social and natural 
science we can muster—and this Sprawl fails 
to deliver. 

10.1126/science.1123617 
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Land of the Lost 


Paul L. Koch 


Extinctions and the Rewilding of America, 

paleoecologist Paul Martin describes his 
career-spanning efforts to understand the 
extinction of most large animals from around 
the globe near the close of the last ice age. Just 
50,000 years ago, terrestrial communities were 
dominated by unfamiliar species: mammoths, 
mastodons, giant ground sloths, car-sized 
glyptodonts, rhino-sized marsupials, giant 
kangaroos, gorilla-sized lemurs, and many, 
many others. For millions of years, continental 
mammals had a bimodal body size distribu- 
tion, with many species of rodent-to-rabbit- 
sized (small) mammals and a second mode 
of deer-to-elephant-sized (large) animals. 
Everywhere except Africa, this larger mode 
has almost entirely vanished. 

As Martin recounts in the book—which is 
part memoir, part detective story, and part a 
call to environmental activism—a convincing 
explanation for these extinctions proved elu- 
sive into the 1950s, though climate change 
was thought a likely culprit. But as radiocar- 
bon analyses began to clarify the timing of 
extinctions, Martin and others noted two star- 
tling patterns that pointed to humans as the 
causative agent. Whereas earlier extinctions 
affecting mammals always 
took out a greater proportion of 
smaller species, the late Quater- 
nary extinctions were unusually 
fatal for large, slow-breeding 
animals. Furthermore, “when 
viewed globally, near-time ex- 
tinctions took place episodi- 
cally, in a pattern not correlating 
with climatic change or any 
known factor other than the 
spread of our species. Extinc- 
tions followed prehistoric human 
colonizations in a ‘deadly syn- 
copation.’” Martin became the 
most forceful advocate of the 
overkill hypothesis, offering 
sophisticated models to explain how human pre- 
dation could drive extinctions while authoring 
studies on environmental change and the diets 
of extinct species that cast doubt on climatic 
explanations. 

Here, writing for a general audience, Martin 
doesn’t dive into overkill models in rigorous 
detail. But he broadly advocates “blitzkrieg,” 
an idea he first advanced in the 1970s. Under 
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blitzkrieg, immediately after 
arriving in unpopulated coun- 
try, human range expansion and 
population growth are fueled 
by intense predation on large 
game. High kill rates are possi- 
ble because naive prey don’t 
respond to an unfamiliar threat— 
armed humans. Extinction 
occurs rapidly, within decades at 
a regional scale. Blitzkrieg offers 
solutions to two perceived prob- 
lems with overkill. Prey naiveté 
explains why the magnitude of 
extinction was high in the Americas and 
Australia but low in Africa, the region of 
human origins. And because the extinction 
was so rapid, blitzkrieg explains why archae- 
ological sites containing extinct animals are 
rare in the Americas and Australia. 

Overkill has been debated for decades. 
Some archaeologists remain troubled by the 
lack of kill sites and have questions about when 
humans arrived in the Americas and Australia. 
Animals on continents full of voracious preda- 
tors may not have been so naive to a new pred- 
ator. On the other hand, detailed studies of the 
selectivity of extinction and predator-prey sim- 
ulations support overkill. And despite spectac- 
ular increases in knowledge of near-time envi- 
ronmental change, no climatic hypothesis has 
ever explained the timing or selectivity of 
extinction. Some details of the extinction may 
have been modulated by environmental 


change, but the vast weight of evidence indi- 
cates that without human impacts, there would 
have been no late Quaternary mass extinction. 
That said, blitzkrieg as applied to extinctions 
on continents has always been a bit of a Rube 
Goldberg device, and it has become increas- 
ingly frayed in recent years. My view is that the 
extinction looks like the work of an omnivo- 
rous hunter (not a large-game specialist). As 
human populations slowly grew (fueled by 
small, faster-breeding game that could be har- 
vested without causing extinction), tasty, large 
prey would be hunted whenever encountered 
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and ultimately eliminated. 

Martin’s prose is folksy and 
engaging. It is a treat to learn 
the personal and historical story 
behind his studies of overkill. 
Chapters on his work in the 
American Southwest offer a 
glimpse of the twists and turns 
of field-based research and 
show how much is gained by 
taking a holistic multidisci- 
plinary approach. The author 
spent a good deal of time liter- 
ally studying crap, but this dirty 
business paid off with a nuanced understanding 
of animal diets. Equally fascinating is his dis- 
cussion of animal figurines found with fossils 
in some caves. The figurines were placed in the 
caves in the last few thousand years, long after 
the extinctions. They hint that “for whatever 
reason—a focus on the hunt, or simple fascina- 
tion—our ancestors were strongly drawn not 
only to living large animals, but also to the 
remains of extinct ones.” The book has some 
editorial flaws, but they are minor and don’t 
detract from the broad arc of Martin’s narrative. 

Amazingly, overkill is not the most controver- 
sial topic discussed in the book. In the final chap- 
ters, Martin explores the implications of the late 
Quaternary extinction for understanding the 
modern world. He recounts evolutionary “ghost 
stories,” tales of species (such as the California 
condor) whose ecology makes no sense until one 
recognizes that they had co-evolved with now- 
extinct partners. And what 
should be the target of restora- 
tion ecology? The impoverished 
ecosystems that Europeans found 
when they arrived in the Americas 
and Australia, or the communities 
rich in large animals that lived 
there for millions of years? If his- 
tory is any guide, North America 
without wild horses is completely 
“unnatural,” yet ecologists and 
conservation managers continue 
to treat horses as an invasive 
species. Martin’s most daring pro- 
posal is “rewilding.” He proposes 
establishment of Quaternary parks 
in North America and Eurasia, 
with horses, camels, elephants, and recently lost 
carnivores (lions and cheetahs). The idea has pro- 
voked a range of responses, from disbelief; to calls 
for more study, to test cases. 

Paul Martin has made a career of challeng- 
ing orthodoxy and in the process has revolu- 
tionized the way we understand our history as 
a species and the world that we have shaped. 
It’s fitting that he ends the excellent Twilight 
of the Mammoths with another bold idea that 
may let the sun shine again on the lost world of 
large animals. 
10.1126/science.1123434 
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Cybertools and Archaeology 
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he need for service-oriented cyberinfra- 
| structure (CI) has been reported (/—4). 
Further development of archiving and 
search tools to accommodate the explosive 
growth in many fields, particularly in biomed- 
ical research, has been emphasized. Archae- 
ology often depends on archived data acquired 
by other researchers for other purposes, often 
long ago. Differences 
in recording proto- 
cols, terms, meas- 
urement units, and 
language are com- 
monplace. Data are 
often obscurely archived and difficult to access, 
and policies regarding confidentiality vary con- 
siderably. Even when databases are accessible, 
they often differ in size, format, structure, and 
semantics and seem to defy fusion. In archaeol- 
ogy, research on the most important issues in 
today’s society—the evolution of culture, the 
growth in population, and the long-term interac- 
tion of cultures with their physical and biological 
environments—will remain impoverished in the 
absence of a new generation of cybertools. 

Modern archaeological science depends on 
large collections of diverse, mundane objects 
(such as potsherds, stone tools and debris, and 
animal and plant remains), rather than small 
collections of treasures. Sites are unique, non- 
renewable resources easily destroyed by ero- 
sion or modern land use. Thus, old collections, 
original field notes, and reports of prior work 
have enduring research value. 

At present, there are three types of data that 
are impossible to access simultaneously because 
of the highly individualized nature of traditional 
archaeological field and laboratory research. 
First, there are separately compiled databases 
held by museums, governmental agencies, and 
individuals that reside on different computer 
platforms. Data classifications and terminology 
vary, are regionally and temporally specific, and 
are inconsistently applied. Increasingly, these are 
Geographic Information System (GIS) data- 
bases based on years of accumulated paper 
records. Second, there is a voluminous unpub- 
lished “gray literature” consisting of limited dis- 
tribution reports (produced mainly by cultural 


1Department of Anthropology, *Department of Geography, 
3School of Information Sciences and Technology, The 
Pennsylvania State University, University Park, PA 16802, 
USA. 


*Author for correspondence. E-mail:[drs17@psu.edu] 


17 FEBRUARY 2006 VOL 311 


resource management firms and government 
agencies). Third, there are images, maps, and 
photographs embedded in museum catalogs and 
archaeological reports (published and unpub- 
lished). Difficulties in accessing data have been 
aggravated by the boom in cultural resource 
management (CRM) research in the United 
States. Government agencies, museums, uni- 


In archeology and other historical sciences, 
diverse, widely distributed data include arti- 
facts, notes, field logs, and other records. 
Future research requires that these archives be 
electronically accessible and user-friendly. 


versities, and private companies have acquired, 
and now care for, tens of millions of artifacts 
plus associated field notes and metadata. 

The dimensions of the problem for the 
United States were outlined in a recent white 
paper commissioned by the Society for Amer- 
ican Archaeology (SAA), in which it was esti- 
mated that six federal agencies alone require 
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~64 million cubic feet of collection storage 
space in addition to over 40,000 linear feet of 
documentation (5). These numbers do not 
include collections, images, and catalog docu- 
mentation maintained by universities and muse- 
ums (including the Smithsonian Institution) or 
state agencies across the country (6). 

The problem is not only one of access. The 
various autonomous user communities cur- 
rently hosting these resources understand and 
describe data in different ways. There is a need 
to classify and search for numerical, textual, and 
visual data simultaneously. Standards and proto- 
cols, where they exist, are typically defined at 
state or local levels and have changed over time. 
Diverse research interests and reliance on old 
collections require archaeologists first to under- 
stand each other’s concepts and procedures in 
order to comprehend others’ data, methods, 
and results. Translation protocols are needed. 
Regional data have often been collected and 
organized according to modern political bound- 
aries that have no meaning whatsoever in prehis- 
toric, early historic, or environmental contexts. 
Furthermore, some data, particularly precise site 
locations, must be kept confidential at levels that 
vary according to state and local policies. 
Consequently, archaeological research remains a 
mosaic of parochial efforts. Even the spatial and 
temporal dimensions of regional cultures must 
be extrapolated from selected sites and radiocar- 
bon dates. Research on large geographical areas 
is particularly difficult at present. 

Recent developments in computer and infor- 
mation science provide the computational tools, 
protocols, and standards that can help devise an 
integrated infrastructure. Federated databases 
and ontology-based database integration (7—9) 
provide the means of coordinated data manage- 
ment. Portal technology and Web services pro- 
vide customizable access points to methods and 
data (9), and grid technology, coupled with high- 
speed data connections, provides distributed but 
high-powered computational resources (0). In 
several sciences, it is already apparent that a 
coordinated approach to describing, archiving, 
and disseminating research products and serv- 
ices can provide significant gains in productivity 
and quality. For example, the National Science 
Foundation (NSF) is currently funding the devel- 
opment of CI in support of the human-environ- 
ment interaction and geoscience communities 
via the Human-Environment Regional Obser- 
vatory Network (HERO) (//) and Geosciences 
Network (GEON) (/2) projects. Within govern- 
ment, the National Map, the National Spatial 
Data Infrastructure (/3), and Geospatial 
OneStop are federally mandated initiatives to 
improve sharing and collaboration among data 
collection agencies and users. A digital library 
and search engine for computer and information 
science, CiteSeer (/4, 15), is very popular 
with the computer science community. The 
SIMPLIcity (Semantics-sensitive Integrated 
Matching for Picture Libraries) content-based 
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image retrieval engine has been used to manage 
large-scale databases for art and cultural, 
remote-sensing, biomedical, and Web applica- 
tions (/6). Readers can try it out online. Rather 
than try to impose a single formal data model 
and associated semantics on the community of 
researchers, new tools should instead take an 
approach that encompasses many different per- 
spectives by developing database mediation 
services based on successful current approaches 
such as those used by GEON (/7), the Fedora 
Digital Library (/8), and ONION [Ontology 
Composition System (/9)]. Thus, researchers 
should be able to query electronic data using 
search terms that have meaning to them, and 
these terms should be mapped to semantic 
equivalents when used to query remote data col- 
lections, then translated back. The CI architec- 
ture shown (see figure, page 958) is an example 
of an approach to facilitate use of archaeological 
resources via Web/grid services. 

At the same time, any new system should 
facilitate future efforts within the archaeologi- 
cal community to establish common, minimal 
standards for metadata descriptions of artifacts, 
sites, maps, and other academic resources (20). 
Thus, interoperability is not simply a technical 
end-goal. It is instead a design strategy that also 
promotes effective cooperation between human 
and electronic components of the research 
process. Such efforts have begun at universities 
such as The Pennsylvania State University, 
Arizona State University, and the University of 
Arkansas and at the National Park Service. We 
require an e-science that marries the intercon- 
nectedness of digital research tools with the 
introspection enabled by traditional record- 
keeping (21, 22). 

Sustainability can be assured in two ways. 
First, data collections should be distributed and 
sharable. Host institutions should retain the free- 
dom to manage their own databases for their own 
purposes, thereby spreading costs and maintain- 
ing institutional autonomy. Second, digital 
libraries and associated services should be made 
available to researchers and organizations to 
store their own data and mirror data of others. 
Because databases can remain in place, once the 
infrastructure is completed, the running costs 
would be restricted to maintenance and refine- 
ment of the metadata collections and associated 
services. Such a distributed system avoids trying 
to manage an ever-increasing centralized digital 
archive into the foreseeable future, with signifi- 
cant recurrent annual costs, but does bring up 
problems associated with federated search and 
management. Harvesting and indexing services 
can continue with minimum support and can be 
replicated by other organizations, so functional- 
ity can become truly distributed over time. The 
best system will be one that has commitments 
from government, academic, and commercial 
organizations. 

Emerging cybertools can transform the way 
in which researchers collaborate to solve long- 
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standing problems by providing: (i) a stable set 
of catalogs to preserve what is known about 
important data resources; (ii) tools to help 
researchers locate, access, and contribute data 
resources; and (iii) shared virtual workspaces in 
which researchers can collaborate virtually on 
larger tasks (see figure, page 958). Any attempt 
to impose a single complex (and expensive) sys- 
tem will fail. CI will be successful if it is allowed 
to evolve as it is adopted, used, and contributed to 
by a community. Encouraging archaeologists to 
do so also involves solving problems of confi- 
dentiality and trust, and securing long-term 
commitment from agencies. 
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EVOLUTION 


Why Sex? 


Rasmus Nielsen 


hy sex? This has been one of the most 
\ X | fundamental questions in evolution- 
ary biology. In many species, males 
do not provide parental care to the offspring. 
Clearly, the rate of reproduction could be 
increased if all individuals were born as females 
and reproduced asexually without the need to 
mate with a male (parthenogenetic reproduc- 
tion). Parthenogenetically reproducing females 
arising in a sexual population should have a 
twofold fitness advantage because they, on aver- 
age, leave twice as many gene copies in the next 
generation. Nonetheless, sexual reproduction is 
ubiquitous in higher organisms. Why do all these 
species bother to have males, if males are associ- 
ated with a reduction in fitness? The main solu- 
tion that population geneticists have proposed to 
this conundrum is that sexual reproduction 
allows genetic recombination, and that genetic 
recombination is advantageous because it allows 
natural Darwinian selection to work more effi- 
ciently. New empirical evidence supporting this 
theory now comes from a study by Paland and 
Lynch on page 990 in this issue (/). 

One reason why selection works more effi- 
ciently in the presence of recombination—that 
is, the exchange of genetic material between 
chromosomes—is that selected mutations tend 
to interfere with each other in the absence of 
recombination (2, 3). Imagine, for example, a 
beneficial mutation (A) arising in one individual 
and another beneficial mutation (B) arising in 
another gene in an individual that does not carry 
mutation A. In the absence of recombination, 
mutation B would be eliminated when mutation 
A reaches a frequency of 100% in the popula- 
tion, and vice versa. No individual carrying both 
beneficial mutations could be created, and only 
one of the mutations could eventually reach a 
frequency of one in the population. Recom- 
bination speeds up the rate of adaptive evolu- 
tion because it allows several beneficial muta- 
tions to be combined in the same individual. 
Likewise, when multiple deleterious mutations 
are present in the population, recombination 
has the potential for creating new offspring 
chromosomes with fewer deleterious mutations 
than either of the parental chromosomes. The 
famous population geneticist John Maynard- 
Smith compared this situation to having two 
cars: one with a broken engine and one with a 
broken transmission. Neither of them can run, 
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Lessons from the flea. The water flea, Daphnia pulex, may shift 
from being sexual to being asexual and is, therefore, an excellent 
research tool for testing theories regarding the evolution of sex- 
ual reproduction. The drawing [from (9)] is by J. J. Paschoud in 


the late 1700s. 


but if you can replace the broken part in one car 
with a part from the other car you can produce a 
new functional car. Recombination allows bro- 
ken parts to be shuffled among chromosomes, 
allowing new combinations to arise for selec- 
tion to act on. Under suitable assumptions 
regarding the way deleterious mutations affect 
organismal fitness, the advantage of recombi- 
nation in eliminating deleterious mutations can 
outweigh the twofold cost of sex (3). 

However, the selection theories are not free 
of contradictions and problems. Some of them 
rely on so-called group-selection arguments, 
where adaptive properties are properties of a 
whole population and not of individuals. If sexu- 
ally reproducing individuals and their offspring 
do not have an immediate selective advantage in 
otherwise asexual populations, it is hard to see 
how populations can ever evolve from asexual to 
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It is assumed that most organisms have sex 
because the resulting genetic recombination 
allows Darwinian selection to work better. It is 
now shown that in water fleas, recombination 
does lead to fewer deleterious mutations. 


sexual reproduction. Additionally, 
the best explanations regarding dele- 
terious mutations rely on strong 
assumptions regarding the distribu- 
tion of selective effects (3), and there 
may be other factors favoring 
sex, such as increased resistance to 
pathogens (4). An observed genomic 
correlation between the rate of recom- 
bination and variability within species 
(5) suggests that there is an interaction 
between selection and recombination, 
but a direct difference between sexual 
and asexual populations has been hard 
to establish. 

However, the new study by Paland 
and Lynch (/) provides direct empir- 
ical support for an excess accumula- 
tion of mutations in asexually repro- 
ducing populations compared to 
sexual populations. They examined 
different populations of the small 
crustacean Daphnia pulex, a type of 
water flea. Daphnia are excellent 
organisms to study in this regard 
because parthenogenetic Daphnia 
populations have arisen multiple 
times from sexual populations. Com- 
paring asexual and sexual popula- 
tions of Daphnia is, therefore, the 
perfect tool for examining the popu- 
lation genetic consequences of 
sexual reproduction (see the figure). 

Paland and Lynch (/) compared 
the number of mutations with possi- 
ble functional effects (nonsynony- 
mous mutations) to the number of 
mutations with no functional effects 
(synonymous mutations) in 14 asexual and 14 
sexual Daphnia populations. They observed a 
clear excess of nonsynonymous mutations in the 
asexual populations. They also estimated that 
close to 90% of the nonsynonymous mutations 
were subject to selection. These results suggest 
that the asexually reproducing species carry a 
higher load of deleterious mutations and that 
selection is not as efficient in the asexual as 
in the sexual populations. It does not directly 
demonstrate that selection against deleterious 
mutations is what maintains sexual reproduc- 
tion, but the results do confirm the most 
important component of the selection theory: 
Asexual reproduction leads to an accumulation 
of deleterious mutations. It seems that males 
are allowed to exist after all, because they help 
females get rid of deleterious mutations. 

The study is also interesting from another 
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point of view. The estimate of the proportion of 
new mutations in Daphnia that are under selec- 
tion is fairly high (>90%). Over the past 30 
years, the paradigmatic theory in molecular evo- 
lution has been the Neutral Theory (6), which 
assumes that the vast majority of genetic poly- 
morphisms have little or no selection acting 
upon them. However, the study by Paland and 
Lynch (J), and other recent studies (7, 8), sug- 
gest instead that many or most polymorphisms 
may be under selection. Slowly, our weltan- 


schauung in evolutionary biology is changing 
from a static view of a largely optimized 
genome to a dynamic view of organisms con- 
stantly challenged by selection and struggling 
with the large genetic load imposed by deleteri- 
ous and new advantageous mutations segregat- 
ing in the population. 
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PLANETARY SCIENCE 


Ringing the Changes 


Carl D. Murray 


we knew, Jupiter, Saturn, Uranus, and 

Neptune each had a ring system, a suite of 
small moons orbiting just beyond or close to 
the rings, followed by an impressive set of 
large moons and finally an irregular collection 
of outer moons in eccentric, inclined orbits. 
But now Uranus has yielded a few more secrets 
in the form of new moons and new rings. The 
moons may be tiny and the rings faint, but the 
research reported by Showalter and Lissauer 
(2) on page 973 of this issue reveals a compli- 
cated, evolving system that provides a fascinat- 
ing insight into how rings and small moons are 
inextricably linked. 

Of all the ringed planets, Uranus’s ring sys- 
tem has seemed the most straightforward. It was 
made up of a series of dark, narrow, sharp-edged 
rings, the most unusual of which was the outer- 
most € ring complete with its two “shepherding 
satellites,’ Cordelia and Ophelia. Beyond the 
rings but still well within the orbit of Miranda 
(see the figure) lay an additional eight small 
moons discovered by the Voyager 2 spacecraft 
during its flyby in 1986. The largest and most 
distant of these was Puck, with an estimated 
diameter of 162 km. Karkoschka (2) later found 
an additional small moon, Perdita, lurking in the 
Voyager archive. Perdita orbits between the 
moons Belinda and Puck and is the outermost 
member of the “Portia group” of moons. In a 
series of numerical simulations, Duncan and 
Lissauer (3) had already shown that these moons 
were likely to be unstable, leading to a possible 
tragic climax of Shakespeareian proportions with 
Desdemona colliding with Cressida or Juliet 
within the next 4 million to 100 million years. 

In their new work, Showalter and Lissauer 
have used sequences of images from the 
Hubble Space Telescope to show that the pic- 


I: all seemed so simple for a while. As far as 
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ture is not yet complete. Observations of small 
moons this close to a planet are notoriously dif- 
ficult; long exposures are required, and the 
brightness of the planet tends to result in pic- 
tures with extensive “bloom” where saturated 
detector pixels engulf the image. However, by 
making use of the fact that the bloom on 
Hubble’s High Resolution Camera is always in 
the vertical direction, the authors were able to 
align and time their images such that all the 
inner moons would show up in sufficiently long 
exposures. This led to the discovery of two new 
moons, Cupid and Mab, and two faint, diffuse 
rings that they refer to as R1 and R2. 

The outer ring, R1, peaks in intensity at the 
orbit of Mab. This suggests that Mab is the 
source of the ring material, probably as a result 
of impacts from meteoroids or continuing colli- 
sions with the ring material already produced. 
Although the ejected particles can escape from 


Orbit of Miranda 


The Hubble Space Telescope has revealed two 
new moons and two new rings orbiting Uranus. 
The images indicate a dynamic, evolving, and 
possibly unstable ring system. 


the surface of the moon, they still have orbital 
energies comparable to their parent body and so 
remain in a broadly similar orbit. Jupiter, Saturn, 
and Neptune all have examples of small moons 
embedded in faint rings. There are still some 
anomalies in Mab’s orbit that need to be under- 
stood, but the association with R1 seems clear. 
The Hubble observations have also shown that 
Puck, which orbits at the inner edge of R1, 
appears to have one side that is 10% brighter 
than the other. Puck, like our own and many 
other moons, is tidally locked to its planet and 
therefore has well-defined leading and trailing 
hemispheres. Given that it is Puck’s trailing side 
that is brighter, the clear implication is that 
Puck’s leading hemisphere has been darkened by 
impacts of material from R1. 

The second new ring, R2, is neatly bounded 
by the orbits of two of the known moons, Portia 
and Rosalind. This suggests that some sort of 
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Inner region of Uranus system. (Left) The newly discovered rings R1 and R2 lie between the orbit of 
Miranda (the innermost of the large, regular satellites of Uranus) and the narrow rings detected by stellar 
occultation in 1977. (Right) A schematic close-up of the region near the new rings, showing the locations 
of the orbits of all satellites, including the recently discovered Cupid, Perdita, and Mab. The satellites are 
shown to their correct relative sizes (based on their mean radii), but these have been exaggerated by a fac- 
tor of ~16 compared with the radial scale of the satellites’ orbits. 
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confinement mechanism is at work, because nar- 
row, dusty rings such as these tend to spread as a 
result of nongravitational forces. Neither Perdita 
nor the comparably sized moon Cupid, the other 
moon discovered by Showalter and Lissauer, has 
an associated ring, but the authors point out that 
each lies close to the orbit of the larger moon 
Belinda, and in each case the moon’s gravita- 
tional effect may well scatter any potential ring 
material. However, combining the Hubble 
images with the Voyager 2 data has allowed the 
authors to identify a unique property of Belinda 
and Perdita: They are likely to be locked in 
a gravitational resonance, whereby a simple 
numerical relationship between their orbital 
periods provides a mechanism that protects 


Perdita from collisions with Belinda. Whereas 
the Saturn system, for example, is riddled with 
resonances between moons, probably as a result 
of tidal evolution over the age of the solar sys- 
tem, this is the first example detected between 
two of Uranus’s moons, large or small. 

By comparing the current orbits of all of the 
moons in the Portia group with those derived 
more than a decade ago, Showalter and Lissauer 
provide clear evidence that the orbits are chang- 
ing as the moons interact with one another. As a 
result of this work, the picture that emerges is 
one of a relatively young system of moons and 
rings that is still evolving in a chaotic fashion on 
time scales ranging from ~10 to ~10’ years. 

One of the strengths of planetary science is 


that it is comparative; nature has provided us 
with a set of parallel experiments (with different 
starting conditions) to study ring-satellite inter- 
actions around all of the giant planets, Saturn 
being the best example (4). Our task is to develop 
viable theories faster than the systems them- 
selves are evolving. 
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NEUROSCIENCE 


SUMO Wrestles the Synapse 


Asim A. Beg and Peter Scheiffele 


single neuron in the mammalian brain 
Aes thousands of specialized con- 

nections with other neurons called 
synapses. The number, strength, and speci- 
ficity of these synaptic connections ultimately 
determine and regulate brain function. Conse- 
quently, one of the critical questions in neuro- 
biology is how synaptic connectivity is estab- 
lished during development and how it is modi- 
fied during life. 

The activity of neurons has emerged as an 
important determinant in shaping neuronal 
networks. This might be best exemplified in 
the developing visual system by the activity- 
dependent segregation of inputs from one eye 
into specific domains that alternate with 
domains that receive information from the 
other eye. In principle, such activity-depend- 
ent mechanisms can regulate connectivity in 
two ways: by local changes in the cytoskele- 
ton of individual neuronal processes that 
forge synapses, or by transcriptional changes 
in the cell nucleus (/, 2). Calcium signaling 
plays a key role in eliciting neuronal activ- 
ity—dependent transcription. For example, the 
growth of dendritic trees, the elaborate exten- 
sions on which a neuron receives most of its 
synapses, as well as the formation of synapses 
themselves, are stimulated by CREST (cal- 
cium-responsive transactivator) and CREB 
(cAMP response element-binding protein), 
two proteins that activate transcription in 
response to increased intracellular calcium 
(3-5). On pages 1008 and 1012 of this issue, 
two groups now report that they have uncov- 
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ered an additional activity-dependent tran- 
scriptional program that controls synaptic dif- 
ferentiation in mammals through the myocyte 
enhancer factor 2 (MEF2) family of transcrip- 
tion factors (6, 7). 

Previous work had implicated MEF2 pro- 
teins in neuronal survival. To test for a require- 
ment of MEF2 isoforms in synapse formation, 
Flavell and colleagues used RNA interference 
to suppress expression of MEF2A and MEF2D, 
the two major MEF2 isoforms in rat hippocam- 
pal neurons. Knockdown of their expression 
resulted in a doubling of the number of gluta- 
matergic synapses formed, whereas overex- 


Cerebellar 
granule 
neuron 


The number of synapses formed in the 
mammalian brain is controlled by electrical 
activity in neurons that drives calcium inward, 
regulating transcription factors, including 
one that causes removal of synapses. 


pression of MEF2A led to a decrease (6). 
These alterations were dependent on the ability 
of the MEF? proteins to stimulate neural activ- 
ity—dependent transcription of target genes. In 
a second independent study, Shalizi and col- 
leagues analyzed the role of the MEF2A iso- 
form in cerebellar granule cells, another neu- 
ronal cell type of the brain (7). As in hippocam- 
pal neurons, MEF2A was required for normal 
synaptic differentiation. However, whereas 
loss of MEF2 isoforms in hippocampal neu- 
rons led to an increase in synapse number, loss 
of MEF2A in granule cells resulted in a 
decrease in synaptic structures. More specifi- 
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Dendrite factor 


Transcription ON 


A synapse maturation switch. Sumoylation switches MEF2 function in cerebellar neurons from a transcrip- 
tional activator to transcriptional repressor. In the absence of calcium signaling, MEF2 is phosphorylated (P) 
and sumoylated (SUMO), represses expression of the transcription factor Nur77, and promotes synapse for- 
mation and maturation. Calcium influx triggered by neuronal activity causes dephosphorylation of MEF2 by 
the phosphatase calcineurin, resulting in desumoylation and acetylation (Acetyl). This allows MEF2 to acti- 


vate target genes that promote synapse disassembly. 
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cally, suppression of MEF2A by RNA interfer- 
ence prevented the formation of dendritic 
claws, the branched structures positioned at the 
tips of the short stunted granule cell dendrites. 
Because granule cells receive the majority of 
glutamatergic inputs on these dendritic claws, 
MEF2A-deficient cells receive fewer synaptic 
inputs than do MEF2A-expressing cells. 

These seemingly opposite actions of MEF2 
isoforms in hippocampal neurons and cerebel- 
lar granule cells are likely caused by differen- 
tial regulation of MEF2 by two posttransla- 
tional modifications: phosphorylation and 
sumoylation (see the figure). First, both studies 
suggest a model whereby phosphorylation of a 
serine residue in MEF2 prevents activation of 
MEF2 target genes. Calcium influx through 
NMDA (N-methyl-D-aspartate) receptors as 
well as through voltage-gated calcium chan- 
nels activates the phosphatase calcineurin, 
which in turn dephosphorylates MEF2. This 
then triggers MEF2-dependent transcription. 
The MEF2A target genes ultimately mediate 
synapse disassembly. Shalizi and colleagues 
suggest that in cerebellar granule neurons, 
MEF2A may primarily act as a transcriptional 
repressor. This functional switch from activa- 
tor to repressor is controlled by a second post- 
translational modification: sumoylation. In the 
phosphorylated form, MEF2A is further mod- 
ified with a sumo subunit, an 11-kD polypep- 
tide covalently attached to a lysine residue. 
Shalizi et al. suggest that phosphorylated and 
sumoylated MEF2A represses transcription of 
target genes and thereby promotes synaptic 
differentiation in cerebellar granule neurons. 
Conversely, either loss of MEF2A expression 
or MEF2A activity by its desumoylation (and 
subsequent acetylation) permits transcription 
of target genes and inhibits postsynaptic differ- 
entiation (see the figure). Shalizi et al.’s data 
suggest that MEF2A is not required for the 
activation of these synapse-disassembly genes 
in granule cells, only for their repression. This 
sumoylation switch might underlie the differ- 
ential effect of MEF2 on synapse number in 
cerebellar and hippocampal neurons. 

Both studies explored candidate genes 
that are directly regulated by MEF2. In cul- 
tured hippocampal neurons, transcriptionally 
active (dephosphorylated) MEF2 stimulates 
expression of SynGAP and Arc, two previ- 
ously characterized neuronal signaling mole- 
cules. In cerebellar granule cells, sumoylated 
and phosphorylated MEF2A represses tran- 
scription of Nur77, which is itself a transcrip- 
tional regulator. It is noteworthy that all of 
these MEF2 targets act as inhibitors of synap- 
tic differentiation, thereby providing a mech- 
anism for the regulation of synapse number 
through the MEF2-dependent transcriptional 
program. 

These two interesting studies add to earlier 
studies that explored mechanisms of calcium- 
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dependent transcriptional regulation in develop- 
ing neurons (2, 8). The exciting new twist in this 
story is the identification of a calcitum-depend- 
ent (and hence activity-dependent) transcrip- 
tional program that inhibits rather than promotes 
the formation of synapses. Future work should 
clarify how synapse-promoting and synapse- 
inhibiting gene expression programs are coordi- 
nated. One attractive hypothesis is that MEF2- 
dependent gene products pose a homeostatic 
constraint on activity-dependent synapse forma- 
tion. Perhaps the MEF2-dependent synapse dis- 
assembly pathway balances signals that promote 
dendritic growth and synapse formation. Alter- 
natively, different calcium-dependent transcrip- 
tional programs may be selectively activated 
depending on the pattern of neuronal activation 
and intracellular calctum concentrations. A sim- 
ilar mechanism has been previously observed for 
calcium signaling in different forms of synaptic 
plasticity (9). Finally, MEF2 target gene prod- 
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ucts may act differentially on existing synapses 
by preferentially destabilizing inactive synapses. 
Such a mechanism would be well suited for 
sculpting the connectivity pattern of the brain in 
response to sensory experience and might con- 
tribute to the extensive synapse elimination 
observed during postnatal life. 
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ATMOSPHERIC SCIENCE 


The Greenland Ice Sheet and 
Global Sea-Level Rise 


Julian A. Dowdeswell 


The flow of several large glaciers draining the Greenland Ice Sheet is accelerating. This change, 
combined with increased melting, suggests that existing estimates of future sea-level rise are too low. 


Greenland and Antarctica represents the 

largest unknown in predictions of global 
sea-level rise over the coming decades. At 1.7 
million km?, up to 3 km thick, and a little smaller 
than Mexico, the Greenland Ice Sheet would 
raise global sea level by about 7 m if it melted 
completely. This could take from a millennium to 
a few thousand years (if melting were the only 
mechanism by which it lost mass) depending on 
the magnitude of future warming (/). Of more 
immediate concern are several sets of new obser- 
vations, derived largely from remote-sensing 
satellites. As reported by Rignot and Kana- 
garatnam (2) on page 986 of this issue, the veloc- 
ities of several large glaciers draining the ice 
sheet to the sea, already among the fastest-flow- 
ing on Earth, have recently doubled to reach over 
12 km year~!. In addition, the ice sheet has expe- 
rienced a greater area of surface melting this year 
than at any time since systematic satellite moni- 
toring began in 1979 (3). Both these changes 
increase mass loss from the ice sheet, with the 
implication that current estimates of global sea- 


T he changing mass of the great ice sheets of 
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level rise over the next century, of about 0.5 + 0.4 
m (4), may be underestimated. 

The Greenland Ice Sheet gains mass 
through snowfall and loses it by surface melt- 
ing and runoff to the sea, together with the pro- 
duction of icebergs and melting at the base of 
its floating ice tongues. The difference between 
these gains and losses is the mass balance; a 
negative balance contributes to global sea-level 
rise and vice versa. About half of the discharge 
from the ice sheet is through 12 fast-flowing 
outlet glaciers, most no more than 10 to 20 km 
across at their seaward margin, and each fed 
from a large interior basin of about 50,000 to 
100,000 km2. As a result, the mass balance of 
the ice sheet depends quite sensitively on the 
behavior of these outlet glaciers. 

Two changes to these glaciers have been 
observed recently. First, the floating tongues or 
ice shelves of several outlet glaciers, each sev- 
eral hundred meters thick and extending up to 
tens of kilometers beyond the grounded glaciers, 
have broken up in the past few years (5). Second, 
measurements of ice velocity made with satellite 
radar interferometric methods have demon- 
strated that flow rates of these glaciers have 
approximately doubled over the past 5 years or 
so (2, 5). The effect has been to discharge more 
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ice and, thus, to increase the mass deficit of the 
ice sheet from a little more than 50 km? year"! to 
in excess of 150 km? year! (2). Increased veloc- 
ity, combined with rapid dynamic thinning of up 
to 15 m year"! that cannot be accounted for by 
increased melting, may be linked to the loss of 
the mechanical buttressing effect of the ice 
tongues (2, 5, 6). 

The outlet glaciers in question, including 
Jakobshavn Isbrae (see the first figure) in the 
west and Kangerdlugssuaq Glacier (see the sec- 
ond figure) on the east coast of Greenland, are all 
south of 70°N, suggesting that there may be some 
linkage with changing climate. Satellite data 
from passive microwave instruments show that 
there has been a very marked increase in the area 
affected by summer melting and the length of the 
melt season on Greenland. Indeed, 2002 and 
2005 are records for melt extent over the 27 years 
of observations (3). With these observations and 
a meteorological model to retrieve annual accu- 
mulation, runoff, and surface mass balance for 
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fast-flowing outlet glacier 
Jakobshavn Isbrae, West Greenland. This glacier drains an interior 
basin of more than 90,000 km? (2). At a velocity of more than 12 
km year-+ (5), it is one of the most rapidly moving glaciers in the 
world. The glacier terminus is shown by the vertical ice cliff, which 
is up to about 100 m in height. Above this, the heavily crevassed 
surface of the outlet glacier can be seen. Below, in the foreground, 
the surface of the adjacent fjord is completely obscured by the very 
large numbers of icebergs resulting from the recent breakup of the 
floating glacier tongue and the continuing flux of ice to the mar- 
gin. The icebergs themselves have similarly crevassed surfaces 


before fragmentation and overturn. 
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the ice sheet, a declining mass balance over the 
past 6 years (to 2003) was calculated (7). Not 
only did this change in surface balance yield a 
contribution of 0.15 mm year"! to global sea- 
level rise, but it may also be implicated in the 
changing velocity structure of the ice sheet. 
Increased meltwater production, if it reaches the 
glacier bed through crevasses, provides a clear 
mechanism for enhanced flow through basal 
lubrication and sliding. A clue to this is provided 
by observations of the coincidence of ice acceler- 
ation with the duration of summer melting on the 
ice sheet even beyond the boundaries of fast- 
flowing outlet glaciers (8). 

The breakup of marginal floating ice tongues 
in Greenland may also be related to the increase in 
meltwater production and its penetration into sur- 
face crevasses. A similar mechanism of hydrome- 
chanical fracturing was responsible for the disin- 
tegration of much larger fringing ice shelves on 
the Antarctic Peninsula (9). Importantly, breakup 
of these Antarctic ice shelves was linked to rising 
temperatures and was followed by 
velocity increases of between two 
and eight times (/0). 

Satellite and airborne radar and 
laser altimeter data sets complete the 
picture of a changing Greenland Ice 
Sheet. Above the 2000-m contour, 
representing 70% of the ice-sheet 
surface, elevations increased by a 
mean of 5 to 6 cm year"! (//, 12). 
These values were based on satellite 
radar altimeter data acquired bet- 
ween 1992 and 2003 (//, 12), and 
are greater than those reported previ- 
ously from more scattered airborne 
evidence (/3). The pattern of change 
was variable, however, with growth 
of 10 to 20 cm year™! in southwest 
and parts of east Greenland and neg- 
ative values of 25 to 30 cm year! in 
some lower-elevation western areas 
in particular (//, 12). By contrast, 
peripheral thinning of the ice sheet 
was recorded, exceeding 1 m year™! 
close to the coast, often associated 
with outlet glaciers (/3). The thin- 
ning was due to changes in ice flow, 
in addition to enhanced melting. 
However, parts of southern Green- 
land appear to be thickening even 
close to the ice margin, perhaps 
resulting from increased coastal pre- 
cipitation (/2). 

Taking the new evidence on the 
acceleration of ice-sheet outlet 
glaciers together with estimates of 
increasingly negative surface mass 
balance (7) yields, according to 
Rignot and Kanagaratnam (2), a 
contribution from the Greenland Ice 
Sheet of more than 0.5 mm year"! to 
global sea-level rise, over two-thirds 
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Icebergs. Large numbers of bergs are calved 
each year from the fast-flowing terminus 
of Kangerdlugssuaq Glacier, East Greenland, 
adding fresh water to the surrounding seas 
when they melt. 


of which is derived from flow acceleration. This 
new information on velocity change more than 
doubles previous estimates of losses from the ice 
sheet to the global ocean (6, 7). Future monitor- 
ing of the velocity structure of the ice sheet, espe- 
cially above 70°N where acceleration to date has 
been limited, is required. It is also necessary to 
understand better the nature and distribution of 
precipitation over Greenland. Increased accumu- 
lation in the ice-sheet interior, and even in some 
coastal areas, could offset losses attributable to 
surface melting at lower elevations (/2). Existing 
and forthcoming satellites will continue to meas- 
ure ice-surface elevation and any shifts in the 
rates of surface melting and accumulation. In a 
warming world, it is likely that the contribution to 
sea-level rise from Greenland is set to grow fur- 
ther, assuming that the observed acceleration in 
outlet-glacier velocities is sustained, with possi- 
ble increases in precipitation providing the only 
prospect of short-term amelioration. 
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Reproductive Social Behavior: 
Cooperative Games to Replace 


Sexual Selection 


Joan Roughgarden,* Meeko Oishi,” Erol Akcay* 


Theories about sexual selection can be traced back to Darwin in 1871. He proposed that males 
fertilize as many females as possible with inexpensive sperm, whereas females, with a limited 
supply of large eggs, select the genetically highest quality males to endow their offspring with 
superior capabilities. Since its proposal, problems with this narrative have continued to accumulate, 
and it is our view that sexual selection theory needs to be replaced. We suggest an approach 
that relies on the exchange of direct ecological benefits among cooperating animals without 
reference to genetic benefits. This approach can be expressed mathematically in a branch of 
game theory that pertains to bargaining and side payments. 


recent review of diversity in animal 
A reproductive social behavior (/) raises 

questions about Darwin’s 1871 theory 
of sexual selection (2). Unlike the theories of 
evolution through common descent and of 
evolutionary change by natural selection, 
Darwin’s theory of sexual selection has con- 
tinually drawn criticism from evolutionists, 
notably Huxley in 1938 (3). Darwin wrote 
“Males of almost all animals have stronger 
passions than females” and “the female... 
with the rarest of exceptions is less eager than 
the male... she is coy.” Darwin explained 
these templates as resulting from females 
choosing mates who are “vigorous and well- 
armed... just as man can improve the breed 
of his game-cocks by the selection of those 
birds which are victorious in the cock-pit.” 
He continues, “Many female progenitors of 
the peacock must... have... by the continued 
preference of the most beautiful males, ren- 
dered the peacock the most splendid of living 
birds.” 

Since 1871, sexual selection theory has 
often been restated (4), yet contemporary 
definitions share Darwin’s central narrative: 
“We now understand... Males, who can 
produce many offspring with only minimal 
investment, spread their genes most effectively 
by mating promiscuously... Female reproduc- 
tive output is far more constrained by the 
metabolic costs of producing eggs or offspring, 
and thus a female’s interests are served more by 
mate quality than by mate quantity” (5). This 
narrative is taught in biology textbooks (6), is 
axiomatic to evolutionary psychology (7), and 
is broadcast in popular media (8). 
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The reproductive social behavior of most 
species has not been studied, but a great many 
of those that have been do not conform to 
Darwinian sexual-selection templates. We sug- 
gest that sexual selection is always mistaken, 
even where gender roles superficially match the 
Darwinian templates. 

There are fundamental problems that uni- 
versally undercut all applications of sexual 
selection theory to any species, including the 
contradiction between sexual selection’s ratio- 
nale and the reason for sexual versus asexual 
reproduction, the difficulty of sustaining a stable 
hierarchy of genetic quality within a gene pool 
in the face of continued directional selection for 
high-ranked genotypes, and the use of different 
fitness definitions for males and females. These 
and other fatal problems are detailed in the 
references accompanying table S1. 

We think that the notion of females choosing 
the genetically best males is mistaken. Studies 
repeatedly show that females exert choice to 
increase number, not genetic quality, of offspring 
and not to express an arbitrary feminine aesthetic. 
Instead, we suggest that animals cooperate to rear 
the largest number of offspring possible, because 
offspring are investments held in common. We 
therefore propose replacing sexual selection 
theory with an approach to explaining reproduc- 
tive social behavior that has its basis in cooper- 
ative game theory. We introduce a notion of 
allocating time into various relationships to 
maximize cooperative, or “team,” fitness. In this 
theory, we can observe that diverse social 
organizations emerge from how individuals 
accrue direct benefits from the relationships they 
develop with one another within diverse ecolog- 
ical contexts. 


Cooperative Games in Reproductive 
Social Behavior 


Here, we explain reproductive social behavior 
in developmental time, not evolutionary time. 
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A social system develops from the interaction 
of individuals just as body parts develop from 
the interaction of tissues. In our model, each 
animal acts continually as an individual or as a 
team member, and the value of an action is 
scored by how it contributes to that animal’s 
average fitness accumulation rate (9). An 
individual’s actions involve obtaining and ex- 
changing direct benefits to increase the number 
of offspring successfully reared (10-14). We 
further envision a future two-tier theory that 
will embed this phenotypic treatment within an 
overarching evolutionary-genetic model. 

Maynard Smith introduced game theory to 
biology in the 1980s, including the evolutionary 
stable strategy (ESS), a population-genetic 
counterpart to the Nash competitive equilibrium 
(NCE) of game theory (/5). A competitive 
game ends when an NCE is attained, i.e., the 
state where each player cannot better its po- 
sition, given the positions of the other players. 
In competitive games, the players do not 
communicate. 

In cooperative games, players make threats, 
promises, and side payments to each other; play 
together as teams; and form and dissolve 
coalitions. Cooperative games usually end up 
at different solutions to an NCE. Nash also 
investigated cooperative games and introduced 
the concept of a Nash bargaining solution 
(NBS) as an outcome of these games (/6). 

Logic of bargaining and side payments. To 
illustrate, consider a “‘payoff matrix” that 
indicates the direct benefit each player receives 
in every scenario (17): 


Player 2 
A B 
A (2,6) (10,5) 
Player 1 
B (4,8) (0,0) 


In the upper left, for example, (2, 6) rep- 
resents a benefit of 2 to player 1 and 6 to 
player 2 whenever player 1 does action A at the 
same time as player 2 also does action A. The 
symbols A and B may have different meanings 
for each player, because they may be different 
types of individual: one female and the other 
male, or one with territory and the other 
without. Individual competitive play in this 
example winds up at the lower left, an NCE, 
because player 2 always moves into the left 
column (6 > 5 and 8 > 0), and, once in the left 
column, player 1 always moves down (4 > 2). 
This outcome does not result in cooperative 
play. 

Once this NCE has been attained, player 1 
observes it could attain a benefit of 10 if player 
2 could be induced to play B when it plays A. 
Player 1 may therefore “threaten” player 2 by 
promising to play A, which will reduce player 
2’s benefit from 8 to 6. For this threat to be 
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credible, player 1 must demonstrate a willing- 
ness to suffer a loss itself from 4 to 2. In 
response to a credible threat, player 2 can 
negotiate to play B sometimes when player 1 
is playing A, in return for player 1 not carrying 
out the threat too often. Conversely, player 2 can 
also counter-threaten player 1. These threats 
establish a “threat point,” i.e., the greatest ben- 
efit each can receive is when the other is playing 
to hurt its opponent the most. Nash suggested 
that the rational outcome of negotiation is the set 
of “coordinated” plays by both players acting 
together as a team that maximizes the “product” 
of the average benefits each player receives 
relative to its threat points. We call this product 
of individual fitnesses the team fitness function. 
Its maximum is the NBS. 

Continuing from the NBS, player 1 may 
promise a side payment to player 2 to induce it 
to play B when player 1 plays A. If player 1 
offers 4 to player 2, then the upper right entry 
of the payoff matrix becomes (6, 9). In this new 
game, the upper right is more profitable than 
the lower left to both players. The lower left 
remains an NCE, however, and the upper right 
becomes an NCE too. If the players find 
themselves in the lower left, they may agree to 
play jointly as a team, with player 1 playing A 
and player 2 playing B, which will then move 
them to the upper right. Assuming player 1 
continues to honor the promised side payment, 
the upper right is stable even if the players 
sometimes dissolve into individual play, because 
the upper right is both an NCE and an NBS. 

How might we use this logic to explain 
social behavior as a cooperative process? The 
economic and game-theoretic literature presents 
many models of bargaining tactics to attain an 
NBS (/8-23). Here, we offer an approach 
tailored to how reproductive social behavior 
may develop. 

State variables for social dynamics. We 
suppose each player has a time budget and can 
allocate a fraction of time into playing each 
strategy. We assume the animals continually 
adjust their time allocations into various social 
relationships to increase their average fitness 
accumulation rates. Suppose the animals are 
playing as individuals. If an animal is spending, 
say, 50% of its time doing A, which is more 
profitable than doing B, then in the next hour 
we assume it will increase the time spent doing 
A and reduce the time spent doing B. 
Meanwhile, the other animal is also adjusting 
its time allocations into its A and B actions. A 
social system then emerges from the simulta- 
neous mutual adjusting of each player’s time 
allocations into the actions most profitable to 
themselves. When the players play indepen- 
dently, the two state variables are p,(¢) and 
P,(t), which are the fractions of seconds during 
hour ¢ that player 1 and player 2 each play their 
strategy A. 

Alternatively, the animals may play jointly 
as a team. If the team is spending, say, 50% of 
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its time jointly playing AA, which is more 
profitable than playing AB, BA, or BB, the 
team will increase its fraction of time playing 
AA and reduce the time playing the other 
combinations. A mixed team strategy is quite 
possible too, in which the team plays a pair of 
combinations, say AB and BA, at some best 
ratio of time. Team play requires four state 
variables: x, ,(f), X,,(0), Xg,(, and x,,,(4) are 
the fraction of seconds during hour ¢ that 
player 1 and player 2 jointly play each pos- 
sible pair of strategies. When the animals 
form a team after playing as individuals or 
when the team dissolves into individual play 
after playing as a team, the dynamics for their 
time allocations switch from the equations 
that describe individual play to those that 
describe team play and vice versa, a problem 
in the optimal control of hybrid dynamical 
systems (24-27). 

The direct benefits each receives from their 
interactions with the others are summarized in 
the payoff matrix whose entries are w,,,, which 
is the fitness accumulation rate obtained by 
player k when player 1 plays strategy i and 
player 2 plays strategy /. 

Individual play dynamics. If the individu- 
als independently adjust their time allocations 
to increase their own average fitness accumu- 
lation rates, then the time allocation dynamics 
consist of two coupled equations. Each indi- 
vidual adjusts its time allocation to climb the 
gradient of its own average fitness accumu- 
lation rate (28). 


dp; 1 Gas fal) 
= i(1 — pi 
dt —-w,(P1, P2) Op; pill ~ Pi) 


where i © {1,2} and the individual average 
fitness accumulation rates are w;(p1,p2) = 
PiPp2Waai + P1(1—p2)Wapi +(1 —p1)p2weay + 
(1—p1)(1—p2) Wpp,- 

Team play dynamics. In team play, the team 
adjusts its time allocation into the four possible 
combination plays by climbing the gradient of 
the team fitness accumulation rate (29). 


dy 1 


dt Wi (XAAs X AB, XBA> Xpp)W2 (Xa X AB, XBA> XB) 


x{ 0" [wi (Xaa, Xap, XBA; XBB)W2(XAA, XAB, XBA, XBB)] 
Oxy 


x xq(1 — xy) 


where ij © {AA, AB, BA, BB} and 0* is a 
directional partial derivative indicating that, as 
some variable is changed, the remaining 
variables alter in unison as a block in the 
opposite direction, preserving the sum of the 
x,(t) equal to one. To form the team fitness 
accumulation rate, let v, be the threat point to 
player i, i.e., player i’s best fitness accumula- 
tion rate when the other player is playing to 
minimize it. The individual average fitness ac- 
cumulation rates in light of the threat point are 
W1(XAA,XAB> XBA> XBB) = XAA(Waa,i — Vi) + 
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XaB(WaBs vi) + xpa(wea, vj) + 
Xpp(Wppi — vi) Where i © {1, 2}. The team 
fitness accumulation rate is then the product 
of these individual fitness accumulation rates. 

Hence, in the scenario where individual play 
leads to the competitive solution (NCE) con- 
sisting of player 1 playing B and player 2 
playing A, a payoff of 4 is yielded to player 1 
and 8 to player 2 (Fig. 1). In contrast, team play 
leads to the bargaining solution (NBS), which 
consists of playing the combination AB about a 
quarter of the time and BA about three-quarters 
of the time, yielding a payoff of about 6 to 
player | and 7 to player 2. 

Biological approaches to cooperation have 
relied on altruism theory and usually wrestle 
with how to prevent cheaters and free riders 
(30). The bargaining approach to cooperation 
does not suffer from difficulties with cheating. 
Should an animal decide not to cooperate, then 
the other party reverts to the threat point, which 
is worse for the noncooperator than the 
bargaining solution. Instead, the difficult issue 
for the cooperative game approach is whether 
the animals can carry out team play and can 
discern the team fitness function whose gradi- 
ent they should climb. Many animal behaviors 
involving physical intimacy, such as grooming, 
traveling, and sleeping in close proximity, 
making reciprocal interlocking vocalizations, 
and same-sex and between-sex sexuality could 
all promote coordinated action. Further, we 
hypothesize that a sense of friendship resides in 
animal bonding, a joy or synergy in the spirit of 
cooperation that allows animals to sense and 
experience the product, not merely the sum, of 
their individual well-beings. 

Economic approaches to cooperation have 
focused on repeated games. These encompass 
what are known as folk theorems, in which 
many kinds of equilibria are possible in in- 
finitely repeated games, including mutually 
beneficial ones labeled “cooperative” (30-32). 
The classic example is the tit-for-tat strategy in 
the repeated prisoner’s dilemma game (33). In 
repeated games, one party can punish another. 
When players discern that certain moves lead 
to punishments, the individuals can wind up 
moving to a mutually beneficial equilibrium, 
creating the illusion of cooperation. Our dy- 
namics constitute a repeated game too, be- 
cause we assume the animals are playing 
continuously as they adjust their time alloca- 
tions to actions A and B, if they are playing as 
individuals, or to AA, AB, BA, and BB, if they 
are playing as a team. The main difference 
between previous approaches and ours is how 
the game is played: Through reciprocal calls 
and physical intimacy, players perceive team 
fitness and act accordingly rather than play 
solely as individuals. Communication during 
courtship permits bargaining and promises 
of side payments. The distinction between 
our proposition and previous work is appar- 
ent in the use of the word “‘cooperative,”’ 
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Nash Bargaining Dynamics 


Player 2 


Player 1 


Fig. 1. Comparison of social system resulting from individual play versus team play. The corners of 
the polygon represent the fitness payoffs at the pure strategies (each player individually chooses to 
play one strategy 100% of the time). The origin is placed at the threat point (TP) of (1%, 6) to 
player 1 and player 2, respectively. The trajectory of payoffs each player receives as the social 
system develops is depicted in brown for individual play and green for team play. Starting at the 
threat point, individual play culminates at the competitive-equilibrium social system (NCE) where 
player 1 always plays B and player 2 always plays A, yielding payoffs of 4 and 8, respectively. 
Starting from the same point, team play culminates at the bargaining-solution social system (NBS) 
where player 1 and player 2 jointly play AB *s of the time and jointly play BA “As of the time, 
yielding payoffs to player 1 and player 2 of 5.7 and 7.2, respectively. 


which means only a mutually beneficial out- 
come in previous work but describes a pro- 
cess of perceiving and playing the game in 
our work. 

Peacock wrasse game. Peacock wrasses 
(Symphodus tinca) live in shallow rocky hab- 
itat off the Corsican coast (34, 35). Females 
choose whether to lay eggs in a male’s nest or 
to broadcast their eggs over the sea floor. 
Males defending eggs against predators lose 
weight and suffer higher mortality. They 
abandon nests that haven’t accumulated many 
eggs. Abandoned eggs quickly attract preda- 
tors. The following game may account for 
when a cooperative male-female association 
forms versus when male and female pursue 
their reproductive objectives independently: 


Male 
Search Stay 
Broadcast (1,1) (0,0) 
Female 
Deposit (0,0) (2,2) 


The female can lay eggs in a territory and 
the male can remain there to guard them, 
forming a cooperative couple with both re- 
ceiving the maximum fitness of 2. Alterna- 
tively, they may both remain single, with the 
female broadcasting her eggs on the sea floor 
and the male independently searching for 
them. If so, each receives a fitness of 1, re- 
flecting the loss of some exposed eggs and 
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the failure of the male to find some of them. 
Or, the female could lay eggs in a territory 
that the male decides to abandon, resulting in 
a fitness of 0 for both. Conversely, the male 
could set up a territory that the female de- 
clines to lay eggs in, again resulting in a fit- 
ness of 0 for both because the female’s eggs 
spread over the ocean floor are not fertilized. 
Given this scheme of payoffs, what social 
system develops? 

Under individual play, broadcast-search 
and deposit-stay are both locally stable Nash 
competitive equilibria. If we assume the 
noncooperative solution of broadcast-search 
is primitive, yielding a fitness of 1 to each, 
how can the peacock wrasse develop the co- 
operative solution of deposit-stay that will 
yield a fitness of 2 for each? Perhaps they 
bargain. 

The female could deposit eggs in a territory- 
like space regardless of whether the male is 
there. She might lose them all, but she has 
driven the male’s fitness to 0. Conversely, the 
male might defend a territory without eggs. His 
fitness will be 0, but so will the female’s. Indeed, 
the threat point is (7, */s); the best the female 
can do if the male is trying to minimize her 
fitness and vice versa for the male. Because 75 
is less than | that each is presently receiving, 
both need to alter their relationship. With 
courtship and intimate physical contact, they 
can synchronize activities and play as a team 
instead of as individuals. The dynamics of team 
play quickly converge to the cooperative solu- 
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tion of deposit-stay because this is the state with 
the highest team fitness. In this way, cooperative 
reproductive social behavior emerges from en- 
lightened Darwinian self-interest. 

Team play is not the only dynamic capable 
of reaching the deposit-stay equilibrium. This 
outcome is also the risk-dominant and payoff- 
dominant equilibrium (36, 37). 

Oystercatcher game. In the Eurasian oyster- 
catcher (Haematopus ostralegus), a sexually 
monomorphic wading bird common on mud- 
flats, some reproductive groups consist of 
threesomes with one male and two females, 
whereas most consist of one male and one 
female (38-40). The threesomes occur in two 
forms, aggressive and cooperative. 

In an aggressive threesome, each female 
defends her own nest, and the male defends a 
territory encompassing both females. The 
females lay eggs about two weeks apart. The 
females attack each other frequently throughout 
the day. The male contributes most of his 
parental care to the first-laid eggs, leaving the 
second nest often unguarded. 

In a cooperative threesome, the two females 
share one nest; both lay eggs in it together, 
about one day apart; and all three birds defend 
it together. The females mate with each other 
frequently during the day, only slightly less 
often than they do with the male. The females 
also sit together and preen their feathers 
together. 

How might cooperation instead of aggres- 
sion develop in oystercatcher threesomes? 
Consider a three-player game with two females 
and one male. The benefit each player receives 
corresponds to the number of their own young 
successfully fledged. Each female has the 
option of befriending or attacking the other 
female. The male has the choice of providing 
care for offspring of female 1 or female 2. We 
list the payoffs and strategies in the order 
(female 1, female 2, male). 

To develop the payoff matrix, first suppose 
male guards female 1’s nest and ignores female 
2’s nest, unless both females share the same 
nest. When both females befriend each other, 
the brood consists of two offspring from 
each, corresponding to benefits of (2, 2, 4). 
Next, when female 1 attacks female 2, suppose 
the benefits are (3, 0, 3), indicating that female 
1 benefits from male’s undivided attention and 
raises a brood of three eggs consisting only of 
her offspring, whereas female 2 loses every- 
thing because male is leaving her nest un- 
guarded; meanwhile male sees his total payoff 
drop to three. Alternatively, if female 2 attacks 
female 1, then female 1 retains some of her 
eggs because of male’s protection, while 
female 2 can raise two eggs, resulting in 
payoffs of (1, 2, 3). The asymmetry, (3, 0, 3) 
and (1, 2, 3), highlights male’s care of only 
female 1’s offspring. Lastly, when the females 
attack each other, both suffer, resulting in 
payoffs of (1, 1, 2). This situation, where male 
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helps female 1, is summarized in the first 
matrix below, and a similar argument for when 
male helps female 2 leads to the second matrix 
below: 


Male: help 1 Female 2 
Befriend Attack 
Befriend (2, 2,4) (1, 2, 3) 
Female 1 
Attack  (3,0,3) (1, 1, 2) 
Male: help 2 Female 2 
Befriend Attack 
Befriend (2, 2,4) (0, 3, 3) 
Female 1 
Attack (2,1,3) (1,1, 2) 


Four Nash competitive equilibria correspond 
to both females attacking each other, (attack, 
attack, help 1) and (attack, attack, help 2), and to 
the female without the male’s support attacking 
the female who does have his support, (befriend, 
attack, help 1) and (attack, befriend, help 2). 

The threat point for each player is found by 
assuming the other two players are playing 
jointly against them. For example, female 2’s 
threat point is found from the following two- 
player game, in which a coalition’s payoff is 
the sum of the payoffs to its members: 


Coalition of female 1 and male 


Befriend, Befriend, Attack, Attack, 


help 1 help 2 help 1 help 2 
Befriend (2,2,4) (2,2,4) (3,0,3) (2, 1,3) 
Female 
2 
Attack (1,2,3) (0,3,3) (1, 1,2) (1, 1,2) 


The female 1—male coalition can play four 
strategies, and female 2, two strategies. If this 
coalition plays to minimize female 2, it will 
move to the third column, (attack, help 1), and 
then the best female 2 can do is move to the 
bottom row, (attack), yielding her a payoff of 1. 
This is threat point against female 2, the best she 
can do in the worst case. This logic yields the 
following threat points for all individual players: 


Coalition structure Threat point 


{Female 1, male} versus {female 2} 1 
{Female 2, male} versus {female 1} 1 
{Female 1, female 2} versus {male} 2 


In a fully cooperative game, the three players 
choose their strategies jointly. The NBS max- 
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imizes the product of the three players’ benefits. 
The NBS is to play (befriend, befriend, help 1) 
50% of the time and (befriend, befriend, help 2) 
the remaining time. This solution is attained 
through team-play dynamics and represents the 
two females caring for their offspring jointly and 
the male splitting his efforts equally between the 
offspring of female 1 and female 2, as automat- 
ically occurs when both females share the same 
nest. 


Conclusion 


Cooperative game theory is the mathematical 
basis for social selection, an alternative to sexual 
selection theory (/). The key elements to social 
selection are: (i) Reproductive social behavior 
and sexual reproduction are cooperative. Sex- 
ual conflict derives from negotiation break- 
down. In sexual selection, sexual conflict is 
primitive and cooperation derived, whereas in 
social selection sexual cooperation is primi- 
tive and conflict derived. Hence, sexual se- 
lection and social selection are mutually 
exclusive theories. (1i) Within reproductive 
social groups, organisms bargain and trade 
direct ecological benefits to maximize number 
of young reared. (iii) Reproductive groups are 
coalitions of one or both sexes that may 
include prezygotic ‘‘helpers,’’ such as the 
white-collared male ruff and feminine male 
bluegill sunfish who assist in courtship, to- 
gether with postzygotic helpers who assist in 
raising offspring. Families are reproductive 
groups whose participants share kinship. (iv) 
Secondary sex characters are social-inclusionary 
(SI) traits that permit participating in the species’ 
social system, and exclusion is reproductively 
lethal. Two types of SI traits include (i) co- 
operation facilitators like mutual grooming and 
preening, interlocking vocalizations, between- 
sex and same-sex sexuality, and other intimacies 
promoting coordinated team play and the 
perception of team fitness and (ii) expensive, 
functionally useless badges like the peacock’s 
tail that are admission tickets to monopolistic 
resource-controlling coalitions. Any imper- 
fection in an admission ticket is the target of 
prejudice. In social selection theory, cooperation 
and team play coexist with prejudice and 
exclusion. 
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Genetic Variation Affects de Novo 
Translocation Frequency 


Takema Kato," Hidehito Inagaki,” Kouji Yamada,’ Hiroshi Kogo,’ Tamae Ohye,* Hiroe Kowa,* 
Kayuri Nagaoka,? Mariko Taniguchi,” Beverly S. Emanuel,” Hiroki Kurahashi?* 


ranslocation is one of the most frequent- 
| ly occurring human chromosomal aber- 
rations. Balanced carriers usually manifest 
no phenotype but experience problems with re- 
production. These include infertility, recurrent abor- 
tion, and offspring with chromosomal imbalance. 
The constitutional t(11;22)(q23;q11) is a balanced 
translocation between chromosomes 11 and 22, 
with breakpoints at bands 11q23 and 22q11. It is 
the only known recurrent non-Robertsonian trans- 
location and represents a good model for study- 
ing translocations in humans (/). The recurrent 
nature of this translocation prompted us to exam- 
ine t(11;22) breakpoints for a specific genomic 
structure. The analysis of many unrelated t(11;22) 
cases revealed that the breakpoints occur within 
palindromic AT-rich repeats (PATRRs) on 11q23 
and 22q11 (PATRR11 and PATRR22) (2-4). The 
majority of the breakpoints are localized at the 
center of the PATRRs, suggesting that the center 
of the palindrome is susceptible to double-strand 
breaks (DSBs), thereby inducing illegitimate 
chromosomal rearrangement (3, 5). Recent find- 
ings of PATRR-like sequences at the breakpoints 
of other translocations support the possibility 
that palindrome-mediated chromosomal translo- 
cation is a general pathway for human genomic 
rearrangements (6-8). 

The PATRR11 is variable in size in normal 
healthy individuals (Fig. 1 and table S1). The 
most common allele is a ~450—base pair (bp) 
PATRRI1 (L-PATRR11) that forms a nearly 
perfect palindrome (5). Several types of short 
variants were identified (S-PATRR11) that ap- 
pear to be derived from the longer version pri- 
marily by deletion near the symmetric center of 
the palindromic structure. We can classify the 
S-PATRRI1 1s into four groups. The most fre- 


quent 350-bp variant, S1-PATRR11, has a 50-bp 
deletion at both of the palindromic arms but still 
remains completely symmetrical. S2-PATRR11 
has an asymmetric deletion at its center, but the 
new center manifests a symmetric palindrome. 
S3-PATRR11 does not possess palindromic fea- 
tures by virtue of a deletion at the center of 
the palindrome. We identified a rare 434-bp 
S-PATRR11, which sustained an asymmetric 
central deletion followed by the insertion of 
an AT-rich sequence of unknown origin (S4- 
PATRRI11). We also identified another rare 
allele with a duplication of the proximal arm, 
which constitutes a 603-bp asymmetric palin- 
drome (EL-PATRR11). On the basis of the 
palindrome-mediated mechanism of the trans- 
location, it is reasonable to hypothesize that the 
polymorphism of the PATRR11 could affect the 
frequency of de novo t(11;22) translocations. 
Translocation-specific polymerase chain re- 
action (PCR) detects de novo t(11;22) trans- 
locations in normal sperm samples from healthy 
individuals with a normal karyotype (9). We 
analyzed sperm DNA from individuals with 
various genotypes for the PATRR11. Five men 
homozygous for the L-PATRR11 genotype 
produced de novo translocations at a frequency 
ranging between 1.52 x 1075 and 1.57 x 1074 
(table S2). A heterozygote for the L-PATRR11 
and S1- or S2-PATRR11 alleles produced de 
novo translocations at a similar overall frequen- 
cy, as did homozygotes for the L-PATRR11. 
Sequence analysis of the PCR products re- 
vealed that products derived from the symmet- 
rical S1- or S2-PATRR were less frequently 
observed than products originating from the 
L-PATRRI11, with a low estimated frequency 
of de novo translocations (~10~°), suggesting 


Allele type Subtype Size(bp) Number Allele frequency (%) Structure Translocation frequency 
L-PATRRII 442-450 343 87.1 + 1.07-2.27x 10° 
S-PATRRI1 = Type l 350 20 (40.0) — he 1.20-2.93x 10° 

Type2 292-410 5 (10.0) —_  — 1.55-1.71x10° 
Type3 63-380 24 (48.0) — —: <3.05x10" 
Type4 434 1 (2.0) 6.81x10" 
Subtotal 50 12.7 
EL-PATRRII 603 I > —_$_—_ <1.69x10" 
Total 394 100.0 


Fig. 1. Polymorphic PATRR11 alleles and their translocation frequencies. Arrows indicate each unit of 
inverted repeats. Vertical arrowheads indicate the center of the palindrome. Dotted blue lines show 
deleted regions, whereas red lines indicate insertions. Calculated frequencies of de novo translocation 


produced from each allele are shown at the right. 
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that the frequency of de novo translocation de- 
pends on the size of the PATRR. On the other 
hand, although two individuals heterozygous 
for L-PATRR11 and S3-PATRR11 produced de 
novo translocations at a similar overall frequen- 
cy, sequence analysis revealed that virtually all 
of the de novo translocations appeared to orig- 
inate from the L-PATRR11. This finding sug- 
gests that the asymmetric S-PATRR does not 
produce de novo translocations (table S2). 

Sperm from one individual, who was a rare 
compound heterozygote for the Sl- and S3- 
PATRR11, contained de novo translocations at 
a very low frequency. Sequence analysis of the 
junction fragments showed that the translocations 
were exclusively derived from the S1-PATRR11. 
Because both the S2- and S4-PATRR1 1s alleles 
produced translocations at a low frequency 
(~10~¢ and ~1077, respectively), a compound 
heterozygote for this genotype had a very low 
translocation frequency overall. We identified 
another individual heterozygous for the S3- 
PATRR and EL-PATRR. This individual is the 
only person who carried asymmetric PATRRI1s 
on both alleles. He did not produce any de novo 
translocations (table $2). The frequencies for 
each allele are summarized in Fig. 1. 

This work demonstrates genetic variation over 
more than three orders of magnitude in the sus- 
ceptibility for generating the recurrent trans- 
location in humans. Our results point to the 
importance of genomic sequence variation on the 
frequency of chromosomal rearrangements, a 
class of human mutation that is generally thought 
to be random. Our data imply that genetic varia- 
tion plays an important role in this process. 
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The Second Ring-Moon System of 
Uranus: Discovery and Dynamics 


Mark R. Showalter?* and Jack J. Lissauer” 


Deep exposures of Uranus taken with the Hubble Space Telescope reveal two small moons and two 
faint rings. All of them orbit outside of Uranus’s previously known (main) ring system but are 
interior to the large, classical moons. The outer new moon, U XXVI Mab, orbits at roughly twice the 
radius of the main rings and shares its orbit with a dust ring. The second moon, U XXVII Cupid, 
orbits just interior to the satellite Belinda. A second ring falls between the orbits of Portia and 
Rosalind, in a region with no known source bodies. Collectively, these constitute a densely packed, 
rapidly varying, and possibly unstable dynamical system. 


he Voyager 2 spacecraft revealed the 
[ne Uranus to be accompanied by a 
family of small, inner moons that inhabit 
the region between the ring system and the 
larger classical satellites. Using the Hubble 
Space Telescope (HST), we have discovered 
two additional moons and two dusty rings in 
this region. These findings yield a picture of a 
“second ring system” of Uranus, comprising 11 
dynamically interacting observed moons, one 
(thus far unseen) tiny or disrupted moon, and 
the belts of dust that emerge from them. 
Images taken by Voyager 2 as it approached 
its January 1986 encounter with Uranus initially 
revealed 10 inner moons: two “shepherding” the 
outermost known ring (€) and eight others 
between the ring region and the planet’s classical 
moons (/). One additional moon, U XXV 
Perdita (S/1986 U 10), was later found in a 
reanalysis of the Voyager images (2). The 
largest of these inner moons, Puck, is relatively 
isolated at an orbit of 86,004 km. Eight 
remaining moons, collectively known as the 
“Portia group” after their largest member, span a 
rather narrow radial zone, with the innermost 
(Bianca) at 59,166 km and the outermost, 
Perdita, at 76,417 km. Orbital simulations of 
this densely packed region reveal that this family 
of satellites is chaotic and dynamically unstable 
over time scales of only 10° to 108 years (3). 
Observations and discoveries. We exam- 
ined the uranian system from July 2003 through 
August 2005 with the use of the High Resolution 
Channel (HRC) of HST’s Advanced Camera for 
Surveys (ACS). The HRC has a pixel scale of 
0.025 arc sec (350 km at Uranus’s opposition 
distance) and an effective point spread function 
several times this size. We obtained a large 
number of long-exposure, clear-filter images to 
search for tiny moons and faint rings (table S1). 
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With a typical exposure time of 250 s, the planet 
is saturated by a factor of ~50 in these images. 
However, the saturated pixels “bloom” along 
each image’s vertical axis, whereas we orient the 
ring-moon system horizontally (Fig. 1A). The 
clear filter has an effective bandpass of 0.3 to 
0.7 um (after scaling by the solar spectrum), 
providing more than twice the throughput of 
the HRC’s next broadest filter, F606W. As a 
result, our images are substantially more sen- 
sitive than the Voyager images. 

Our key observations are from four extended 
“visits’” near Uranus’s opposition in 2003, 2004, 


Fig. 1. Three versions of 
images from August 2003 
illustrate our observations, pro- 
cessing steps, and initial discov- 
eries. (A) Image J8OA02GXQ is 
shown with minimal process- 
ing to illustrate our observing 
technique. The planet disap- 
pears behind the bright verti- 
cal bar because of saturated 
pixels blooming along this 
axis. However, the rings and 
moons are visible to its right 
and left. (B) Our filtering tech- 
nique eliminates the back- 
ground gradient and erases 
bright regions, including most 
cosmic rays. Contrast enhance- 
ment reveals known moons and 
any point sources fainter than 
Bianca. Perdita and Cupid are 
identified by red and green 
Circles, respectively. (C) A sum- 
mation of 24 images from this 
visit reveals two previously un- 
known rings, R1 and R2. Note 
that (B) and (©) have been 
slightly blurred to reduce noise 
and improve their appearance 
in print. The linear features with 
slight downward slopes from 


D 
\ 


and 2005 (table S1), dedicated to the search for 
tiny moons. Our first extended visit in August 
2003 lasted 4 hours; two visits in August 2004 
lasted 7 hours each and were separated by 6 
days; and a fourth visit in August 2005 lasted 4 
hours. Durations were chosen so that most of the 
inner uranian moons would execute half an orbit 
during one visit, ensuring that each moon would 
be imaged at least once near maximum elonga- 
tion. Our images are most sensitive to moons at 
these locations because noise is reduced at 
greater projected distances from the planet, and 
because motion smear is minimized. We also 
obtained two or three long exposures during nine 
additional brief visits that focused on photome- 
try of the main rings. 

Details of our image processing are discussed 
in (4). Our techniques allow for the removal of 
the strong brightness gradient around the planet 
and also mask out the prevalent cosmic ray hits 
that litter long HST exposures. After this pro- 
cessing, the moons U XXV Perdita (S/1986 U 
10) (5) and U XXVII Cupid (S/2003 U 2) (6) 
appeared in the first images from our extended 
2003 visit (Fig. 1B) (movie S1). The more dis- 
tant moon, U XXVI Mab (S/2003 U 1), ap- 
peared in images taken about an hour later. To 
obtain still finer sensitivity, we can align and 
coadd the pixels from larger sets of similar im- 
ages. Two new rings, R/2003 U 1 and R/2003 
U 2 (henceforth R1 and R2, respectively) ap- 


left to right in these panels are the edges of Uranus's diffraction band. The horizontal scale of the image is 


about 210,000 km. 
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peared upon coadding all the images from the 
2003 visit (Fig. 1C). 

For a more complete picture of the system, 
moving targets such as moons and arcs must be 
rotated to a common epoch before coadding. The 
resulting longitude-radius “maps” show all of the 
moons and rings in the region (Fig. 2). The two 
newly discovered moons are identified, as is 
Perdita, which had not been seen since the 1986 
Voyager flyby (2). A careful review of these 
figures does not reveal any convincing evidence 
of additional moons. Although some maps show 
suggestive spots, none of these can be reliably 
tracked from one visit to another. We believe 
our search is complete down to one magnitude 
fainter than our faintest moon, Cupid (4). 

Rings appear as horizontal lines in Fig. 2. 
Hints of other ring-like structures, perhaps in- 
complete, can be seen at smaller radii, but the 
image noise is greater close to the planet, so no 
additional rings can be confirmed. 

Moon photometry and sizes. Because the 
filtering process adjusts the relative brightnesses 
of nearby pixels, it renders the images unsuitable 
for absolute photometry. We instead obtain 
photometry from the unfiltered images by mod- 
eling and subtracting the background gradient 
surrounding each moon (4). Image intensity J is 
measured by the dimensionless ratio //F, defined 
such that mF is the incoming solar flux density. 
Geometric albedo p equals the disk-integrated 
I/F divided by a moon’s cross-sectional area 
(2). To eliminate variations that might arise from 
irregular shapes, we integrate //F only near each 
moon’s maximum elongation, where its cross 
section is maximized. Because the clear filter is 
an unsupported feature of the HRC, absolute cal- 
ibration is poorly defined. However, the relative 
brightnesses of the Portia group, Puck, and 
Miranda are a reasonable match for more detailed 
earlier work (7); this defines the calibration that 
we have used throughout our analysis. 

Table S2 lists all of our measurements. Our 
photometry reveals a previously unknown prop- 
erty of Puck: It is 10% brighter on its trailing side 
than on its leading side. This may be important 


because, as we show below, Puck skims the inner 
edge of R1. None of the other moons we have 
studied shows evidence for such an asymmetry. 

We derived the sizes for the smallest moons 
by scaling them to the above measurements. 
Perdita and Cupid fall near the Portia group, 
where p varies by no more than ~10%. If we 
assume that Perdita and Cupid have albedos 
similar to those of their neighbors, then they 
have radii of 13 and 9 km, respectively (Table 
1) (table S2). If Mab has an albedo comparable 
to that of nearby Puck, then its radius is 12 km, 
making it slightly smaller than Perdita even 
though it is 20% brighter. However, Mab orbits 
between Puck and Miranda, so its surface may 
more closely resemble that of the latter, much 
brighter body. If so, then Mab’s radius is only 
6 km, even smaller than that of Cupid. Without 


Fig. 2. Maps of our extended 
visits in 2003 (A) and 2004 (B 
and C) show all of the known 
rings and moons. These were 
generated by combining all 
available images while rotat- 
ing features to the midtime of 
each visit. This summation 
improves our sensitivity for 
the smallest moons by over- 
laying their pixels from multi- 
ple images. In this processing, 
rings appear as_ horizontal 
bars. Black wedges appear 
where data are absent. All 
11 moons are visible in (B) 
and (C); Puck was obscured 
during the 2003 extended 
visit (A). Circles identify the 
smallest moons: Perdita (red), 
Mab (yellow), and Cupid 
(green). Horizontal arrows in- 
dicate R1 (blue) and R2 
(violet). All panels have been 
slightly blurred to reduce 
noise and improve their ap- 0 
pearance in print. 


Distance from Uranus center (1000 km) 


Table 1. Summary of moon properties. See the text and tables S2 and $3 for details. 


detections that might reveal color relationships 
between Mab and Puck or Miranda, we can 
only guess at Mab’s actual size. 

Astrometry and larger moon orbits. We 
obtain precise astrometry of all of the moons 
with the use of standard centroiding techniques 
(4). We fit orbital elements assuming that each 
moon follows a Keplerian elliptical path mod- 
ified by the oblateness of the planet. The upper 
portion of table S3 summarizes the orbital ele- 
ments for a simultaneous fit of the Portia group, 
Puck, and Miranda. All measurements are 
weighted equally, and root mean square (RMS) 
residuals are <0.3 pixels. 

A comparison of these fits with prior work 
(8, 9) reveals a surprise: Most orbits have changed 
significantly in the past decade (Fig. 3). Belinda’s 
changes are especially large. Nonetheless, the 


90 
Longitude at epoch (°) 


180 270 


Asan Semimajor axis Mean motion Eccentricity Inclination Fit residual Integrated Mean radius 
(km) (°/day) (1073) (°) (pixels) I/F (km?) (km) 
Bianca 59,165.56 828.38789 0.27 0.181 0.24 149 27 
Cressida 61,766.72 776.58279 0.20 0.038 0.20 366 41 
Desdemona 62,658.38 760.05540 0.34 0.098 0.26 322 35 
Juliet 64,358.23 730.12618 0.05 0.045 0.19 666 53 
Portia 66,097.29 701.48633 0.51 0.026 0.18 1065 70 
Rosalind 69,926.82 644.63034 0.58 0.093 0.21 295 36 
Cupid* 74,392.38 587.44316 — — 0.67 17 9 
Belinda 75,255.61 577.36060 0.28 0.028 0.27 424 45 
Perdita*t 76,416.73 564.24640 3.29 0.068 0.58 39 13 
Puck 86,004.49 472.54457 0.39 0.321 0.16 2,142 81 
Mab* 97,735.91 390.05011 2.54 0.134 0.81 50 12 
Miranda 129,848.46 254.69034 0.62 4.449 0.28 81,530 237 


*Moons emphasized in this study. 
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tThe orbital elements of Perdita assume an additional resonant libration, as discussed in the text and in table $2. 
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changes in energy and angular momentum are 
generally centered around zero; a mass-weighted 
sum is consistent with conservation principles. 
Note that Portia, by far the most massive moon, 
has among the smallest changes. Also, Cressida 
and Desdemona have shifted in opposite di- 
rections, consistent with expectations that these 
moons’ orbits are closely coupled (3). The mem- 
bers of the Portia group are clearly perturbing 
one another measurably over brief time scales, 
supporting predictions that the entire system is 
chaotic. 

Orbit of Perdita. The most notable feature of 
the initial fits to the remaining three moons is the 
much larger residuals of 0.65 to 0.9 pixels (table 
$3). Centroiding these fainter moons is more dif- 
ficult, but that does not fully explain this result. 
Extrapolation of Perdita’s HST-derived orbit back 
to 1986 locates it ahead of the Voyager 
observations by 57° + 2°, implying that this 
moon’s average speed over the past 18 years has 
been 0.008°/day faster than it is currently. Perdita 
clearly does not follow a uniform Keplerian path. 

We derive a semimajor axis a = 76,417.45 + 
0.03 km from the HST data, or 76,416.680 + 
0.003 km for the long-term average. These 
values straddle Belinda’s 43:44 outer Lindblad 
resonance at 76,416.749 + 0.015 km. To allow 
for the possibility that this resonance explains 
the large residuals, we fit an alternative orbit 
model including libration to the HST and 
Voyager data (5). The residuals drop to 0.6 
pixels, a more statistically plausible value that 
indicates that the 57° offset from the Voyager 
era has been resolved. The derived full libration 
amplitude is 7.05° and the period is 3.24 years. 
Now a = 76,416.731° + 0.007 km, a precise 
match for Belinda’s resonance. Nonethe- 
less, it should be noted that the libration am- 
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Fig. 3. Changes in orbital elements of each moon 
in the Portia group since 1994. Current orbital 
elements (table $3) are compared to earlier work 
by Jacobson (9), who derived precise orbits from 
the Voyager images of 1986 and HST images from 
1994. We plot each moon’s change in mean 
motion n and in the combination a x (1 — e2), 
where a is semimajor axis and e is orbital 
eccentricity; the former is closely related to orbital 
energy and the latter to angular momentum. Error 
bars represent +1 standard deviation (c). Several 
moons, particularly Belinda and Cressida, have 
shifted by several o in the new orbital solutions. 
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plitude approaches the largest possible value of 
360°/43 = 8.4°. 

The role of this particular resonance had 
been suggested by Karkoschka (2), but at the 
time it could not be confirmed. This constitutes 
a definitive identification of a mean motion reso- 
nance among Uranus’s satellites. Karkoschka 
also noted that Rosalind’s 8:7 outer resonance 
falls at 76,430.6 km; this near-resonance proba- 
bly also plays an important role, so a more so- 
phisticated model may describe Perdita’s motion 
more precisely. 

Orbit of Mab. Mab also shows very large 
orbit residuals of 0.8 pixels (Table 1) (table S3). 
This object is relatively bright in our data and is 
well isolated from the other moons, which 
suggests that our measurement errors should 
not be so large. 

The formal uncertainty in the mean motion 
is 0.00034°/day, amounting to 2.2° in the 
elapsed 18 years since the Voyager flyby. 
Because Mab is brighter than Perdita, we have 
searched for it in the Voyager data set. It 
appears in four of the most sensitive back- 
scattered images, trailing its extrapolated loca- 
tion by a mere 1.7° (Fig. 4). 

To understand the large residuals, we fit sub- 
sets of the data, divided by year (Fig. 5). Single- 
year fits provide residuals of ~0.3 pixels, which 
probably represent the actual precision of the 
measurements. However, the orbital elements 
show marked variations from one year to the 
next. For example, Mab’s orbital position in 
2004 fell more than a degree behind that in 2003 
and 2005. Other years show smaller but still 
statistically significant deviations. A large but 
unknown perturbation is clearly at work on Mab. 

Mean motion n varies by 0.12°/day, and A 
varies by ~1.5° from the mean orbit (Fig. 5). 
The time scale T of the libration can be 
estimated from the amplitude of the deviations: 
T = 2AX/An. This value is 25 days, but it may 
be a distinct underestimate because the orbit- 
fitting procedure tries to minimize AA. Howev- 
er, no first-order resonances fall in the vicinity 
of Mab, so the force driving this quite rapid 
libration is unknown. The changes in mean 
motion correspond to excursions of 45 km in 
semimajor axis, a distance too large to allow for 
a co-orbital satellite less massive than Mab to 
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be responsible. Further observations are needed 
to understand the peculiar orbit of Mab. 

Orbit of Cupid. In comparison to the above, 
the tiniest moon, Cupid, appears to follow a very 
simple path (Table 1) (table S2). Its RMS 
residual of 0.7 pixels is probably reasonable 
given the intrinsic uncertainties in centroiding 
such a faint moon. The residuals show no 
underlying trends to suggest that some compo- 
nent of Cupid’s motion has been overlooked. 
Both the inclination and eccentricity are small 
relative to their associated uncertainties, so we 
also fit a circular, equatorial orbit. The increase 
in residuals is negligible, so we adopt this 
simple model for the motion of Cupid. None- 
theless, because of fewer detections and larger 
measurement residuals, Cupid’s eccentricity 
and inclination are not as well constrained as 
those of the other moons. 

The remarkable feature of Cupid is its close 
proximity to Belinda, orbiting just 863 km 
interior to it and raising questions about its 
long-term stability. The only known satellite 
pairs on closer orbits are in 1:1 resonance. But 
any interaction with Belinda appears to be 
nonresonant; Belinda’s 59:58 inner Lindblad 
resonance falls 3 km away, whereas first-order 
resonances are spaced by just 15 km, so this 
proximity is statistically insignificant. 

Ring profiles. As with the moons, images of 
the rings are altered in width and amplitude by 
the high-pass filtering that first revealed their 
existence (Fig. 1C and Fig. 2). To understand 
them quantitatively, one must return to the 
unfiltered images and find alternative methods 
to handle the background gradient (4). The 
results are radial profiles of each ring, generated 
by coadding all of the appropriate pixels from 
all the images of our extended opposition visits 
(Fig. 6). As expected for optically thin rings, 
the brightness varies in proportion to 1/(sin B), 
where B is the ring opening angle (table S1). 
Thus, we have divided out this factor to yield 
the “normal //F,” that is, the //F that would 
have been observed from a hypothetical per- 
pendicular viewpoint at the same phase (ie., 
Sun-ring-observer) angle o (Table 2). 

Why did Voyager overlook these rings? The 
likely reasons are that both rings are extremely 
faint and that R1 orbits much farther from the 


a ; 
26793.31——> 1 \ 


.29—> 10), 
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Fig. 4. The recovery of Mab from three Voyager images. The figure was constructed by overlaying 
strips from images 26793.19, 26793.25, and 26793.31, separated by 4.8 min each. Arrows and circles 
indicate the location of Mab in each image. For reference, dashed lines mark orbital radii +2000 km 
from Mab’s nominal orbit. Mab is displaced slightly inward, which suggests that it has been imaged 
near pericenter. A fourth image not shown, 26794.13, captured Mab again 34 min later. 
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planet than anyone had expected to find rings. 
However, as with our HST images, one can sub- 
stantially increase sensitivity by combining mul- 
tiple Voyager images. We have examined a 
sequence of 95 outbound images, 26936.34 to 
26973.54, with a = 146° (4). After coadding all 
of the pixels, both rings come into clear view 
(Fig. 6) and have profiles that almost perfectly 
match the HST data. A similar analysis of 18 
approach (low-phase) images, 26791.25 to 
26794.19, did not achieve sufficient sensitivity 
to detect either ring. 

The rings are brighter in absolute terms in the 
high-phase Voyager data. This clearly indicates 
that micrometer-sized dust is a major component 
of each ring. By assuming that macroscopic 
bodies dominate the rings’ backscatter, we can 
obtain one estimate of the normal optical depth 
of large particles, 1,;,: I/F = pt,,,. If we assume 
that p is the same as for the nearby moons, then 
Trio ~ 10-5 for R1 and R2 (Table 2). These 
values fall well within the range of other known 
faint, dusty rings. 

The peak of R1 aligns very closely with the 
orbit of Mab. Other small moons in the solar 
system are paired with rings, including the four 
innermost jovian moons, Pan at Saturn and 
Galatea at Neptune. These are tiny moons from 
which the dust most likely escapes because of 
meteoroid impacts or perhaps recollisions from 
other ring grains (J0, //). The optimal size for 
ring-producing moons is ~10 km, because 
larger moons retain most of their ejecta via 
self-gravity, whereas smaller moons simply 
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Fig. 5. Year-by-year variations in the orbit of 
Mab. The origin of the plot represents the best- 
fit mean longitude A at epoch and mean motion 
n for all data from 1986 to 2005. The same 
quantities based on fits to the data from each 
individual year are shown for comparison; error 
bars are +1o. For the Voyager data of 1986, 
uncertainties in n are large, so only the offset 
in A and its uncertainty (gray band) are plotted. 


have less surface area. Mab falls quite close to 
the optimal size, which may help to explain its 
prominent ring. Nonetheless, the other compa- 
rable uranian moons Perdita and Cupid do not 
produce rings that we know of, possibly 
because Belinda limits the lifetimes of nearby 
dust. Bianca may be of the appropriate size to 
produce a ring, but our observations are not 
sensitive to faint rings so close to the planet. 

In contrast to Rl, R2 has no known em- 
bedded source bodies. Several mechanisms 
remove or destroy dust grains within planetary 
rings on short time scales (0). Estimates of dust 
lifetimes in other faint rings range from days to 
no more than centuries. Thus, a population of 
unseen parent bodies must be present in the 
core of this ring. The fact that R2 is relatively 
more backscattering than R1 supports this 
inference, because the latter is populated by 
Mab and probably lacks a population of 
macroscopic bodies. Saturn’s G ring is perhaps 
the best analog; it also has no visible source 
bodies, but charged particle absorption data in- 
dicate that a population of meter- to kilometer- 
sized bodies must be present (/2), which 
probably maintains the visible dust population 
in steady state (/3). 
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Fig. 6. Radial profiles of the rings R1 (A) and 
R2 (B), generated from HST and Voyager 
images. HST data are shown as black lines; 
Voyager data are shown in red. Both rings are 
brighter at Voyager’s high phase angle a = 
146°. To foster comparisons with the HST data, 
we scaled R1 downward by a factor of 4 and R2 
by a factor of 2. The orbits of nearby moons 
Mab, Puck, Portia, and Rosalind are indicated 
by vertical lines. 


Table 2. Summary of ring properties. See the text and tables $2 and S3 for details. 


Rin Peak radius Inner limit Outer limit HST Voyager Peak t 
. (km) (km) (km) VF (10-8) WF (10-6) (10-8) 

R1 (R/2003 U 1) 97,700 86,000 103,000 0.88 4.5 8.5 

R2 (R/2003 U 2) 67,300 66,100 69,900 0.39 1.1 5.6 
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Both R1 and R2 share another trait with the 
G ring: a distinctly triangular profile (/2, /4). 
This may suggest similar dynamics, in which 
dust ejected from the source bodies achieves a 
distribution of orbital eccentricities, perhaps be- 
cause of perturbations by electromagnetic forces 
or solar radiation pressure. However, it is clear 
that none of these rings are dominated by drag 
forces, because such rings would extend primarily 
inward or outward from their source, depending 
on the direction of the drag. Jupiter’s gossamer 
rings, bounded by Amalthea and Thebe, are 
prime examples of drag-dominated rings. Appar- 
ently, Uranus’s hot, extended exosphere (/5) 
does not affect these rings substantially. Asym- 
metries in the triangular profiles may indicate 
the direction of any small drag forces that do 
play a role. 

Three of the four ring boundaries coincide 
with known moons: Portia and Rosalind sur- 
round R2, and Puck orbits near the inner edge of 
R1. These moons could sweep up any material 
that wanders too far from the source region. The 
leading/trailing asymmetry of Puck may indicate 
that ring material preferentially strikes its 
leading face and darkens it (either by depositing 
intrinsically darker grains or by uncovering 
brighter interior material). However, the rings 
gradually peter out rather than terminating 
abruptly at the orbits of the moons, so much of 
the dust within R1 and R2 is probably removed 
by permanent loss mechanisms. The obvious 
sinks for the ring dust are the source bodies 
themselves; because the grains remain in the 
general vicinity of their origins, the likelihood of 
reimpacting a source body can be large. 

How did the source population for R2 come 
to exist? It remains possible that a single moon 
will eventually be found in the region. However, 
our detection threshold is ~5 km, already rather 
small for a single moon to produce such a 
prominent ring. Alternatively, a large number of 
small but macroscopic bodies may inhabit the 
region between Portia and Rosalind, giving rise 
to the telltale dust. These bodies could be the 
result of a disrupted moon that once orbited at 
this location. Because R2 falls near the Roche 
limit, it might never reaccrete; alternatively, the 
reaccretion is in progress and the ring is 
therefore transient. The disruption might have 
been the result of a large external impactor; it is 
widely believed that other moons of Uranus 
have been disrupted one or more times in their 
history (J, 16, 17). The most tantalizing possi- 
bility is that this band of debris is the direct result 
of the short-term instability of the inner uranian 
moons. With stability time scales of 10° to 10° 
years (3), it stands to reason that one or more lost 
satellites would still have remnants within the 
system, provided that some collisions between 
small moons are disruptive rather than accretional. 

We note that R2 shows some evidence for 
variations with longitude. In Fig. 1C, it is mea- 
surably brighter on the right ansa. In Fig. 2, R2 
is visible in all three panels, but not at all 
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longitudes; in panels B and C, obtained just 6 
days apart, the ring appears to be consistently 
brightest at longitudes leading (to the right of) 
Portia, which can be identified in the figure as 
R2’s bright interior neighbor. If R2 arises from 
a belt of macroscopic bodies, then the brighter 
clumps might be transient phenomena arising 
when embedded parent bodies collide; a similar 
process is believed to be at work in Saturn’s 
clumpy F ring (/8-2/). 

Discussion. Dynamical simulations of the 
closely packed inner uranian moons reveal that 
they will perturb each other into crossing orbits 
at million-year time scales (3). The discovery 
of Cupid orbiting so close to Belinda substan- 
tially exacerbates the stability problem (22). 
Our new findings provide a clearer picture of 
this rapidly and chaotically evolving system. 
The largest moons show orbital changes with- 
in decades; these subtle variations can, over 
time, lead to orbital collisions and disruptions. 
So close to the Roche limit, one might expect 
to find one or more debris belts within this 
evolving system; R2 is likely to be one such 
example. Mab and R1 are distant enough to be 
unaffected by the dynamical turmoil within 
the Portia group, but the mysterious orbital 


variations of Mab suggest that it may play a 
part in the underlying interactions. It is as yet 
unclear whether related phenomena are at 
work within Uranus’s main ring system. 

The rings and smaller moons listed in Tables 1 
and 2 have probably changed quite substantially 
since the time of the dinosaurs, and perhaps even 
since the time of the Roman Empire. Uranus 
does not host a swarm of independent moons and 
rings, but instead features a closely coupled dy- 
namical system that rivals the other known ring- 
moon systems in its subtlety and complexity. 
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Electrodes with High Power 
and High Capacity for 
Rechargeable Lithium Batteries 


Kisuk Kang,’ Ying Shirley Meng,’ Julien Bréger,* Clare P. Grey,” Gerbrand Ceder** 


New applications such as hybrid electric vehicles and power backup require rechargeable batteries 
that combine high energy density with high charge and discharge rate capability. Using ab initio 
computational modeling, we identified useful strategies to design higher rate battery electrodes 

and tested them on lithium nickel manganese oxide [Li(Ni, ,Mn, ,)0,], a safe, inexpensive material 
that has been thought to have poor intrinsic rate capability. By modifying its crystal structure, we 
obtained unexpectedly high rate-capability, considerably better than lithium cobalt oxide (LiCoO,), 


the current battery electrode material of choice. 


echargeable Li batteries offer the high- 
R= energy density of any battery tech- 

nology, and they power most of today’s 
portable electronics. Although most electronics 
require only moderately high charge/discharge 
rates, newer applications, such as regenerative 
braking in hybrid electric vehicles (HEVs), power 
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backup, and portable power tools, require both 
high energy and high power density (i.e., the 
ability to charge and discharge very fast), which 
has been difficult to accomplish with Li batteries. 
Cathode electrodes in rechargeable Li batteries 
store Li* and electrons by the concurrent inser- 
tion of Li* in a crystal structure and the reduc- 
tion of a transition-metal ion (/). Good electrode 
materials therefore have high reversible storage 
capacity for Li (to obtain long battery life per 
unit weight or volume of the battery) and rapid 
solid-state Lit and electron transport. Reason- 
able charge/discharge times require that, at room 
temperature, Li* ions can diffuse over microme- 
ter distances in a matter of an hour (minutes for 
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HEV technology). Hence, materials with very fast 
Li diffusivity are needed to produce batteries ca- 
pable of satisfying high power demands in new 
applications. In this report, we use ab initio com- 
putational modeling to identify the basic energy 
barrier that limits Li*-ion hopping in a prototyp- 
ical layered electrode structure and use the 
insights gained from these calculations to syn- 
thesize a material with substantially better rate 
capability. 

Many current (e.g., LiCoO, in today’s bat- 
teries) and potential intercalation electrodes 
have the layered structure shown in Fig. 1A, 
consisting of layers of transition-metal cations 
separated from Li layers by oxygen. In this 
structure, Li is coordinated octahedrally by oxy- 
gens but diffuses from site to site by hopping 
through intermediate tetrahedral sites (Fig. 1B) 
(2). Previous work has identified the tetrahedral 
site as being close to the maximum-energy po- 
sition along the path between octahedral sites 
(3). Because Li hops require thermal energy 
fluctuations, the hopping rate decreases expo- 
nentially with the energy of the activated state, 
and small reductions in this activation energy 
can lead to substantial improvement of the Li 
diffusion and of the rate at which an electrode 
can be charged or discharged. At room temper- 
ature, a reduction of activation energy of only 
57 meV increases the rate of Li migration by a 
factor of 10 [exp(-57 meV/kT) ~ 10]. The en- 
ergy required for a Li* ion to cross the activated 
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Fig. 1. (A) The structure of Li(Ni, .Mn, .)O, consists of layers of transition 
metal (Ni and Mn) separated from Li layers by oxygen. In materials made 
by a conventional high-temperature synthesis, partial exchange of Li and 
Ni ions is always observed, which contracts the space through which Li 
can move. (B) Li moves from one octahedral site to another by passing 


state is likely to depend on the size of the 
tetrahedral site (strain effect) as well as on the 
electrostatic interaction between Lit in the ac- 
tivated state and the transition-metal cation di- 
rectly below it (Fig. 1B). Hence, a strategy to 
increase Li diffusivity should focus on reducing 
these two contributions to the activation energy. 
Using ab initio calculations performed in the 
generalized gradient approximation to density 
functional theory (GGA DFT), we can gauge the 
effect of both the strain and electrostatic con- 
tributions to the activation energy. The table in 
Fig. 1B shows the calculated energy for a Lit 
ion in the tetrahedral site with various other cat- 
ions in the face-sharing octahedron adjoining it. 
Clearly, a low-valent transition metal such as 
Ni’* is beneficial to the Li diffusion. The reduc- 
tion from Co** (currently used) to Ni** leads 
to a hopping rate that is higher by a factor of 
54 [~exp(100 meV/kT)]. Hence, a material 
such as Li(Ni2{Mn¢+)O,, in which half the 
Lit-activated states come in contact with Ni?t, 
should have substantially higher Li diffusivity at 
the early stage of charging than the currently used 
battery material LiCoO,, in which all the path- 
ways are in contact with Co*'. Because the 
number of high-rate pathways is well above the 
percolation limit, the presence of low-rate path- 
ways (in contact with Mn*+) in LiNi, Mn, .O, 
should not substantially reduce the Li diffusivity. 
It is expected that the benefit of Ni?* is no- 
ticeable until the charging level is so high that 
the Ni?* pathways do not percolate anymore. 
LiNi, ;Mn, ,O, is fundamentally different 
from the currently used electrode material, 
LiCoO,, in which Co can only exchange one 
electron, and removal of all Li leads to an un- 
stable material containing only highly oxidized 
Co* ions. In comparison, the transition-metal 
layer in Li(Ni, =Mny .)O, is bifunctional, with 
Ni** acting as a double redox-active center (4-7) 
and Mn** providing stability to the host struc- 
ture (8). Although the distinctive electronic prop- 
erties of Li(Ni, ;Mn, ,)O, have been shown 
to result in high battery capacity for this material 
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at very low charge/discharge rates (4, 5, 9, 10), 
this capacity advantage over current electrode 
materials completely disappears at commer- 
cially interesting rates, in apparent contradiction 
to the predictions made based on the calculations 
(Fig. 1B). Our calculations were performed for 
materials with an ideal layered structure. How- 
ever, in all Li(Ni, .Mn, .)O, materials synthe- 
sized thus far, perfect separation between Li and 
transition-metal cations into alternating layers 
could not be achieved, with all materials exhib- 
iting 8 to 12% exchange of Li and Ni (4, 5, 9, /0). 
Calculations were, therefore, performed to explore 
the effect of Li/Ni site exchange on the Li mo- 
bility. Figure 2 shows ab initio computations of 
the activation energy as a function of the distance 
between the oxygen layers on each side of the 
plane of Lit ions (Fig. 2). As this layer-to-layer 
distance grows, the space in the activation site 
increases. It is clear that more space between these 
oxygen layers substantially reduces the activation 
energy for Li motion. These calculations also 
clearly point to the Li/Ni disorder as the reason 
Li(Ni, Mn, ,)O, has not yet lived up to its high 
rate potential. The solid lines show the calculated 
O-O interlayer spacing for a material with 8.3% of 
Li-Ni site disorder. The dashed lines give the 
equivalent spacing for a hypothetical material with 
no Li/Ni disorder. Our calculations indicate that 
the Li slab space reduces from 2.64 to 2.62 A 
when 8.3% of transition metal is present in the Li 
layer. Li motion is so sensitive to the spacing 
between oxygen layers that this very small change 
(~0.02 A) results in a 20- to 30-meV increase in 
the activation barrier. More important, Li/Ni dis- 
order greatly limits the opening of the Li slab 
space upon delithiation (i.e., on charging the bat- 
tery). The Li slab space expands during the early 
stages of delithiation as a result of the removal 
of O? -Lit-O7 bonds across the slab, leading to 
faster Li motion. Whereas the Li slab space in- 
creases from 2.64 to 2.74 A in a perfect layered 
system, calculations indicate that it only increases 
from 2.62 to 2.69 A when 8.3% Ni ions are 
present in the Li layer. These observations clearly 
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through an intermediate tetrahedral site where it encounters strong 
repulsion from a nearby transition-metal cation. The table shows the 
activation barrier for Li motion for various transition metals near the 
activated state. Values were calculated by GGA DFT for various chemistries 
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Fig. 2. Calculated activation barrier for Li mi- 
gration in Li(Ni, Mn, .)O, as a function of the Li 
slab space. Triangles and circles represent the ac- 
tivated state that face-shares with Ni and Mn, 
respectively. The activation barriers have been 
calculated for a hypothetically perfect layered sys- 
tem, for a system with 8.3% excess Ni present in 
the Li layer without a change in the transition- 
metal layer, and for a system with 8.3% Li-Ni 
exchange. 


indicate that the diffusivity of Li should be great- 
ly improved by reducing the Li/transition-metal 
(Ni) exchange in Li(Ni, sMn, ;)O,, a fact that has 
already been noticed experimentally in LiNiO, 
and LiTiS, compounds (//, /2). 

Although Li-containing materials prepared 
through traditional high-temperature synthesis 
routes contain substantial Li/Ni disorder and are, 
therefore, unlikely to be high-rate electrodes, better 
ordering can be expected in Na(Ni, .Mn, .)O, 
because the larger size difference between Nat 
and Ni? or Mn** creates a larger driving force 
for separating the alkali ions and the transition- 
metal ions in discrete layers. We have previously 
shown that the driving force for layering is likely 
to be increased if a larger ion, such as Na‘, is 
used instead of Lit because of the increased size 
mismatch between Na‘ and transition-metal ions 
such as Ni?* (/3). Na compounds can be trans- 
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Fig. 3. (A) XRD patterns of SS-Li(Ni, Mn, .)O, (top) and IE-Li(Ni, .Mn,.)O, (bottom). The observed 
pattern, the calculated peak positions, and the difference between the two patterns are shown for each 
XRD pattern. The bottom inset is the XRD pattern of the Na precursor. The precursor peak is not observed 
after ion exchange. The Rietveld refinement of SS-Li(Ni, .Mn, .)O, (in R-3m) gives c = 14.2820(14) A, 


a = 2.8850(1) A, and z = 0.25736(37); the Ni-Li exchange = 10.9%, with R, = 13.6 and R 


wp = 19.3. 


The refinement of IE- we <Mn, .)O, gives c = 14.3437(8) A, a = 2. 8924(1) A, and z = 0.25907(21); 


the Ni-Li exchange = 


4.3%, with R, = 7.08 and R,, 


wo = 8.74. (B) First charge/discharge curves of IE- 


Li(Ni, «Mn, ,)O, and SS-Li(Ni, Mn, "0, within the voltage window of 3.0 to 4.6 V at C/20 rate. 
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formed to well-layered Li compounds by ion 
exchange of Na* for Lit (14-16). Ion exchange 
is a soft chemical approach performed at rel- 
atively low temperature so that only Na* is re- 
placed by Lit, keeping the rest of the structure 
intact. We have indeed obtained a well-layered 
material with excellent performance by ion- 
exchanging Li for Na in Na(Ni, Mn, .)O,. De- 
tails of the synthesis procedure are given in the 
Supporting Online Material (77). 

The x-ray diffraction (XRD) pattern of the 
Li(Ni, ;Mn, ,)O, obtained by ion exchange 
[IE-Li(Ni, ;Mn, ,)O,] is shown in Fig. 3A. For 
comparison, we also show Li(Ni, .Mn, ;)O, 
synthesized through a conventional solid-state 
reaction [SS-Li(Ni, ;Mn, ;)O,]. The refined 
structural parameters for SS-Li(Ni, ;Mn, <)O, 
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Fig. 4. (A) The discharge curve at various C rates for 
IE-Li(Ni, .Mn,.)O, (above) and SS-Li(Ni, .Mn,.)O, 
(below). In the rate test, the cell was charged at /20 
to 4.6 V, then held at 4.6 V for 5 hours and dis- 
charged at different rates. 1C corresponds to 280 
mA/g. The electrode loading is 0.15 cm2/mg. (B) The 
Ragone plot for the two samples (only active elec- 
trode is included in the weight). 


are in good agreement with the literature 
(4, 9, 10, 18-20). Noticeably, there is a sub- 
stantial increase in the c-lattice parameter from 
14.28 A in SS-Li(Niy Mn, JO, to 14.34 A in 
IE-Li(Ni, ;Mn, ;)O,. The c-lattice parameter 
is perpendicular to the layers in the structure of 
Fig. 1, and its increase signifies an increase in the 
space around the Li layer. Defining the Li slab 
space as the average distance between the oxygen 
layers around the Li layer, the Li slab space in- 
creases from 2.59 A in SS-Li(Ni, Mn, .)O, to 
2.65 A in IE-Li(Ni, Mn, .)O,. Given the com- 
putational results in Fig. 2, TE-Li(Ni, Mn, .)O, 
should therefore have a substantially higher Li 
diffusivity. The small quantitative disagreement 
with the calculated slab spaces is typical for 
modern ab initio approaches. No Na precursor 
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peaks are visible in the XRD, and only about 
0.3 weight percent of Na could be detected by 
inductively coupled plasma (ICP) measurement 
in TE-Li(Niy ;Mn, ;)O,, which implies that the 
ion exchange of Na and Li is complete. 

Rietveld refinement of the XRD gives 
Li/Ni exchanges of 10.9% and 4.3%, respec- 
tively, in the SS-Li(Ni, Mn, ,)O, and IE- 
Li(Ni, Mn, ;)O,. Because the site occupancies 
obtained by Rietveld refinement can be some- 
what inaccurate as a result of preferential texture 
of the sample, and when refining occupancies for 
multiple cations on the same crystallographic site, 
the Li/Ni exchange was independently verified by 
solid state °Li magic angle spinning nuclear 
magnetic resonance (MAS NMR). Quantitative 
analysis of the 1450-parts per million peak in the 
NMR spectrum, which is known to correspond to 
Li in a transition-metal site (2/), reveals that Li- 
Ni exchange is even lower, about 0.5% (/7). This 
suggests that our strategy to obtain a better lay- 
ered structure with larger slab space is successful. 

Electron microscopy revealed plate-shaped 
crystals of about | wm for IE-Li(Ni, Mn, .)O,, 
whereas the SS-Li(Ni, Mn, .)O, forms cubic 
particles of about 0.5 um (/7). The anisotropic 
shape of the crystallites offers further evidence for 
the more layered structure of IE-Li(Ni, .Mn) .)O,. 

Figure 3B shows the first charge and dis- 
charge profiles of IE-Li(Ni, sMn, .)O, and SS- 
Li(Ni, «Mn, .)O, tested in an electrochemical 
cell at a rate corresponding to fully charging the 
theoretical capacity of the material in 20 hours 
(C/20). Whereas the charge/discharge behavior 
of TE-Li(Ni, =Mn, <)O, is very similar to that of 
SS-Li(Ni, ;Mn, .)O, below 4 V, the plateau at 
4.3 V is more pronounced in JE-Li(Ni, =Mn, ,)O,. 
Because the 4.3-V plateau is observed at about 
x = 0.6 to 0.7 [Li, (Nig .Mn, <)O,], it could be 
caused by Li-vacancy ordering (22). The ab- 
sence of transition metals in the Li layer is like- 
ly to enhance Li-vacancy ordering. 

Figure 4A shows that, despite its larger parti- 
cle size, the rate capability of IE-Li(Niy .Mn, .)O, 
is superior to that of SS-Li(Ni, Mn, .)O,. Al- 
though the performance of the materials is 
similar at low rates, IE-Li(Ni, ;Mn, ;)O, retains 
much higher capacity at high rates than does SS- 
Li(Ni, ;Mn, ;)O,. Even at a 6C rate (one charge 
of 280 mAh/g in 10 min), IE-Li(Ni, Mn, ,)O, 
delivers a discharge capacity of 183 mAh/g. 
There is no published data available for a rate as 
high as 6C, but comparison with the best elec- 
trochemical data published for this material so 
far [135 mAh/g at a 397 mA/g rate (9)] confirms 
that we have developed a material with substan- 
tially improved performance. 

For practical applications, the trade-off be- 
tween power (rate) and energy density is impor- 
tant and is often represented in a Ragone plot 
(Fig. 4B). Most Li-battery materials show a sub- 
stantial decrease in specific energy as one draws 
more current from them, making them less use- 
ful in applications such as EV (electric vehicle), 
HEV, and power tools, where high charge and 
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discharge rates are required. Figure 4B shows 
that IE-Li(Ni, =Mn, .)O, clearly retains its en- 
ergy storage capacity even at the very high rate 
required for those applications. At a 6-min 
charge/discharge rate, TE-Li(Niy Mn, .)O, de- 
livers almost double the energy density of SS- 
Li(Ni, ;Mn, ;)O,. Initial tests on the capacity 
retention with full charge/discharge cycling are 
promising, with a fade of 0.6% per cycle for IE- 
Li(Ni, ;Mn, ;)O, versus 0.8% per cycle for SS- 
Li(Ni, =Mn, <)O, (17). 

In conclusion, we have used ab initio com- 
putational modeling to infer that the combined 
use of low-valent transition-metal cations and 
low strain in the activated state are key strategies 
for increasing the rate capability of layered 
cathode materials, and we have successfully syn- 
thesized Li(Ni, .Mn, ,)O, with very little intra- 
layer disordering to optimize those factors. In 
agreement with our theoretical predictions, this 
material retains its capacity at high rates. Sub- 
stitution of Co for Ni and Mn can also be used to 
reduce the Li/Ni exchange and improve rate 
performance (23, 24), although the use of Co 
increases the cost and reduces the safety of the 
material (25). Although Li(Ni, Mn, .)O, dis- 
plays an exciting combination of high rate and 
high capacity, several other factors, such as 


thermal stability, cycle life, and the extra cost 
from the ion-exchange process, will need to be 
further investigated before its application in 
commercial products can be considered. If the 
outcome of such development studies is positive, 
Li(Ni, ;Mn, ;)O, would be a potential cathode 
material for high rate applications. 


References and Notes 

. M.S. Whittingham, Science 192, 1126 (1976). 

2. A. Van der Ven, G. Ceder, Electrochem. Solid-State Lett. 
3, 301 (2000). 

3. A. Van der Ven, G. Ceder, J. Power Sources 97-98, 529 
(2001). 

4. T. Ohzuku, Y. Makimura, Chem. Lett. (Jpn.) 8, 744 (2001). 

5. Z. Lu, D. D. MacNeil, J. R. Dahn, Electrochem. Solid-State 
Lett. 4, A191 (2001). 

6. J. Reed, G. Ceder, Electrochem. Solid-State Lett. 5, A145 
(2002). 

7. J. M. Paulsen, J. R. Dahn, J. Electrochem. Soc. 147, 2478 
(2000). 

8. M. M. Thackeray, Prog. Solid State Chem. 25, 1 (1997). 

9. Y. Makimura, T. Ohzuku, J. Power Sources 119-121, 156 
(2003). 

10. Z. Lu, L. Y¥. Beaulieu, R. A. Donaberger, C. L. Thomas, 
J. R. Dahn, J. Electrochem. Soc. 149, A778 (2002). 

11. C. Delmas et al., J. Power Sources 68, 120 (1997). 

12. M. S. Whittingham, U.S. Pat. 4,007,055 (1975). 

13. E.J. Wu, P. D. Tepesch, G. Ceder, Philos. Mag. B 77, 1039 
(1998). 

14. A. R. Armstrong, P. G. Bruce, Nature 381, 499 (1996). 

15. C. Delmas, J. J. Braconnier, A. Maazaz, P. Hagenmuleer, 
Rev. Chimie Minérale 19, 343 (1982). 


b 


16. K. Kang et al., Chem. Mater. 15, 4503 (2003). 

17. Materials and methods are available as supporting 
material on Science Online. 

18. Y. S. Meng et al., Chem. Mater. 17, 2386 (2005). 

19. H. Kobayashi et al., J. Mater. Chem. 13, 590 (2003). 

20. W. S. Yoon et al., Electrochem. Solid-State Lett. 5, A263 
(2002). 

21. C. P. Grey, W. S. Yoon, J. Reed, G. Ceder, Electrochem. 
Solid-State Lett. 7, A290 (2004). 

22. C. Delmas et al., Int. J. Inorg. Mater. 1, 11 (1999). 

23. Z. Lu, D. D. MacNeil, J. R. Dahn, Electrochem. Solid-State 
Lett. 4, A200 (2001). 

24. T. Ohzuku, Y. Makimura, Chem. Lett. (Jpn.) 7, 642 (2001). 

25. J. Jiang, K. W. Eberman, L. J. Krause, J. R. Dahn, 

J. Electrochem. Soc. 152, A1879 (2005). 

26. The authors would like to thank Y. Shao-Horn for valuable 
discussion. This work was supported by the Materials 
Research Science and Engineering Centers program of 
the National Science Foundation under award DMR 
02-13282 and by the Assistant Secretary for Energy 
Efficiency and Renewable Energy, Office of FreedomCAR 
and Vehicle Technologies of the U.S. Department of 
Energy under contract DE-ACO3-76SF00098, subcontracts 
6517748 and 6517749, with the Lawrence Berkeley 
National Laboratory. 


Supporting Online Material 
WwWww.sciencemag. org/cgv/contentTulv 63197 TID 
Materials and Methods 

Figs. $1 to $4 

References 


2 November 2005; accepted 20 January 2006 
10.1126/science.1122152 


Plasma Acceleration 


Above Martian 


Magnetic Anomalies 


R. Lundin, D. Winningham,” S. Barabash,? R. Frahm,? M. Holmstrom, J.-A. Sauvaud,? 
A. Fedorov,* K. Asamura,* A. J. Coates,” Y. Soobiah,° K. C. Hsieh,° M. Grande,’ H. Koskinen,” 
E. Kallio,® J. Kozyra,?° J. Woch,? M. Fraenz,?? D. Brain,’ J. Luhmann,?? S. McKenna-Lawler,? 


R. S. Orsini,?* P. Brandt,2> P. Wurz?® 


Auroras are caused by accelerated charged particles precipitating along magnetic field 

lines into a planetary atmosphere, the auroral brightness being roughly proportional to the 
precipitating particle energy flux. The Analyzer of Space Plasma and Energetic Atoms experiment 
on the Mars Express spacecraft has made a detailed study of acceleration processes on the 
nightside of Mars. We observed accelerated electrons and ions in the deep nightside high-altitude 
region of Mars that map geographically to interface/cleft regions associated with martian 

crustal magnetization regions. By integrating electron and ion acceleration energy down to 

the upper atmosphere, we saw energy fluxes in the range of 1 to 50 milliwatts per square meter 
per second. These conditions are similar to those producing bright discrete auroras above 

Earth. Discrete auroras at Mars are therefore expected to be associated with plasma acceleration 
in diverging magnetic flux tubes above crustal magnetization regions, the auroras being 
distributed geographically in a complex pattern by the many multipole magnetic field lines 


extending into space. 


arth’s polar aurora and related phenome- 

na, such as magnetic and ionospheric dis- 

turbances, have been studied for well 
over half a century. The first proof that the 
aurora is caused by energetic electrons pre- 
cipitating into Earth’s topside atmosphere 
came from high-altitude sounding-rocket mea- 
surements (/). Electrons accelerated downward 
by magnetic field—aligned electric fields cause 
intense bright auroral arcs, often referred to as 
discrete auroras. Intense fluxes of nearly mono- 
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energetic electrons (2) were the first evidence 
for magnetic field—aligned electric fields. Sub- 
sequent observations of accelerated electrons 
were made from polar orbiting satellites. The 
electrons’ peak energy displayed a characteris- 
tic “inverted-V” signature in an energy-time 
spectrogram (3), which became the particle 
attribute of a discrete aurora. An additional 
proof of concept was observations of electrons 
and ions accelerated in opposite directions 
(4, 5). 
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Inverted-V—like ion features near Mars, first 
reported by the Phobos-2 spacecraft (6), were 
associated with the temporal and spatial varia- 
bility of the energy and momentum transfer 
between martian plasma and the solar wind 
(7, 8). This was because auroras, specifically 
discrete auroras, are associated with magnetized 
planets, and no strong intrinsic magnetic fields 
were evident from Phobos-2 data, thus ruling 
out any analogy with the terrestrial aurora. 

The Mars Global Surveyor (MGS) findings of 
crustal magnetic anomalies at Mars (9) con- 
siderably changed the picture. We now expect to 
find diverging magnetic field “cusps” above 
Mars (/0) and closed magnetic loops (//), with 
local magnetic conditions similar to those found 
above Earth’s polar region, albeit weaker and 
topologically different. A set of magnetic multi- 
poles at specific longitudes and latitudes of Mars 
may characterize the crustal magnetization. In- 
deed, the first observation of auroral emission at 
Mars (/2) was made above a strong crustal mag- 
netization at 177°E and 52°S. The emissions in 
the 150- to 300-nm bands (CO and O) were most 
likely excited by high fluxes of charged particles. 

Our study identified regions with downward- 
accelerated electrons and upward-accelerated 
ionospheric ions near local midnight. We studied 
how the acceleration regions map to magnetic 
cusps and clefts bound by strong magnetizations 
at Mars. We compared the energy spectra of 
accelerated electrons in the nightside of Mars 
with those associated with terrestrial discrete 
auroras. Finally, we computed the energy flux of 
precipitating electrons and estimated, from a 


SCIENCE 


terrestrial analogy, the expected intensity of the 
nightside aurora at Mars. 

The Analyzer of Space Plasma and Ener- 
getic Atoms (ASPERA-3) experiment (/3) has 
two plasma instruments: an Eectron Spectrom- 
eter (ELS) and an Ion Mass Analyzer (IMA). 
The ELS provides electron measurements in 
the energy range from 0.001 to 20 keV, with 
8% energy resolution. The intrinsic field of 
view is 4° x 360°. The 360° aperture is divided 
into 16 sectors. 

The IMA provides ion measurements in the 
energy range from 0.01 to 30 keV for the main 
ion components H+, Het*+, He+, and O* and 
for the group of molecular ions [20 < M/q < 
~80 (M, mass; q, electric charge)]. The IMA 
has a 4.6° x 360° field of view. Electrostatic 
sweeping provides elevation (+45°) coverage 
for a total field of view of about 27. 

ASPERA-3 data from 33 Mars Express 
(MEX) traversals of the martian cavity were 
analyzed, most of the data being taken during a 
period of favorable eclipse orbits in February 
and March 2005. During this period, the 
spacecraft traversed the midnight-sector cavity. 
An important selection criterion was the accel- 
eration of ions and electrons; the ionospheric 
ions accelerated upward and the electrons ac- 
celerated downward. The spacecraft “footprint” 
was mapped in geographic latitude and longi- 
tude down to a 400-km MGS “open-closed” 
magnetic field map. 

During an inverted-V event on 20 February 
2005 (Fig. 1), narrow beams of heavy ions [O+ 
(30%), O,* (49%), and CO,* (21%)], consistent 
with the ionospheric composition at 220 to 
250 km (/4), were observed to flow upward/ 
tailward while substantial fluxes of electrons 
moved in the opposite direction (downward/ 
sunward). Displaced Maxwellian distributions 
were used for temperature calculations (that is, 
the temperatures were determined from the high- 
energy tail of the electron and ion distributions). 
The beams are relatively cool (Fig. 1), the beam 
energy being substantially higher than the 
thermal energy. The general characteristics of 
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these inverted-V events are (i) the coincident 
existence of narrow upgoing ionospheric ion 
beams and energized downgoing electrons and 
(ii) a tendency for the downward electron 
acceleration to increase with decreasing alti- 


REPO 


tude. These are characteristics analogous to 
those of auroral acceleration near Earth. The 
trajectory in fact maps to semi-open magnetic 
field lines: in the boundary between a magnetic 
anomaly and open field lines. It does not map 
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Fig. 1. Energy-time spectrogram for ions and electrons during an inverted-V event in the tail 
eclipse. The third panel from the top shows the acceleration energy (peak energy) and total 
acceleration (electrons + ions). The bottom panel shows electron and ion temperatures. 
Coordinates are Mars east longitude and latitude. UT, universal time; H, height. 
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Fig. 2. Three ASPERA-ELS electron energy spectra taken at different altitudes and times, suggesting 
acceleration through a potential drop V, (FE, = eV/,). Te, electron temperature. The energy regimes 
correspond to accelerated primaries (1) and backscattered + secondary electrons (2). 
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directly to the closed flux-tube magnetic 
anomaly. This is another analogy with Earth’s 
auroral zone: The inverted V’s are usually 
found in the boundary region between open and 
closed magnetic field lines. 

Three ELS electron spectra from three sep- 
arate orbits (Fig. 2) provide further evidence for 
auroral acceleration in a quasi-static electric 
potential drop. Based on an acceleration model 
(15), the characteristics of downward/parallel 
acceleration of electrons in a potential drop V, 
can be identified: a sharp energy peak, E,, re- 
lated to accelerated primary electrons (E, = eV), 
and secondary electrons originating from reflec- 
tion and backscattering above Mars. Upgoing ions 
form narrow monoenergetic beams; the down- 
going electrons are more isotropic and less 
monoenergetic. These characteristics are consistent 
with theory (/6) and observations (5) near Earth. 

A good correlation is seen between ion beam 
energy and ion beam temperature (Fig. 3, left). 
The linear relation y = 8.5x + 623 (eV) has a 
correlation coefficient R? = 0.76. Studies of 
upward-flowing H* ions near Earth by the 
Viking satellite [figure 2.28 of (5)] give a similar 
linear relation y = 4.9x + 210 (eV), with R? = 
0.74. The relations imply that ion heating goes 
together with parallel acceleration. The ion beams 
are cool below ~1 keV, with the temperature 
increasing proportional to the parallel energy 
above ~1 keV, but the beam energy remains at 
least a factor of 10 higher than the beam 
temperature. In analogy with Earth, the increased 
ion beam temperature may be due to a transverse 
(to the magnetic field) acceleration process (/7). 
The electron beam energy and electron thermal 
energy (Fig. 3, right) also appear to be cor- 
related, although with less significance (R? = 
0.58) than the ion correlation. Electron temper- 
atures for low-energy peaks are in the range 
typical for the magnetosheath (20 to 50 eV). 
Wave activity inferred from high-time resolu- 
tion ELS data in connection with ion and 
electron heating (/8, 19) suggests that waves 
are the cause of the gradual electron heating. 

A statistical analysis of the maximum ion 
inverted-V peak energy shows no altitude 
dependence (R? = 0.15). This implies that the 
acceleration process is quite variable, governed 
by external solar wind dynamics (pressure and 
interplanetary electric and magnetic fields). As 
for the mapping of the acceleration regions to 
magnetic anomalies, we find a tendency for 
inverted V’s to occur near local midnight, the 
observations clustering around the mean 162°E 
and —7°S. The clustering of observations close 
to local midnight is in part due to the selection 
criteria (the cavity). 

When the inverted-V footprints are plotted 
versus geographic latitude and longitude, an 
interesting picture emerges (Fig. 4): a clustering 
of data points in boundaries between open and 
closed field lines. Few data points fall within 
larger areas of open (red) or closed (black) 
magnetic field. We therefore conclude that the 
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Fig. 3. lon and electron inverted-V peak energy versus temperature in the nightside of Mars. (Left) lons. 
The dashed line marks a linear fit with function y = 8.5x + 623 (eV), R? = 0.76. (Right) Electrons. The 
dashed line marks an exponential fit with function y = 27.2 - exp(0.026x) (eV). R2 = 0.58. 
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Fig. 4. Satellite ground track projections of nightside ion inverted V's and their relation to crustal 
magnetization. The scale at right indicates the percentage of open magnetic field lines at MGS 
altitudes (~400 km), with red indicating 100% open and black 100% closed magnetic flux tubes. 
The satellite ground tracks are indicated by dashed lines; the red arrowheads mark the exit of the 
inverted V's. The black dashed line near longitude 240° marks the entire ground track of the 
inverted-V traversal shown in Fig. 1. 
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inverted V’s are associated with boundary 
regions between open and closed field lines. 
The precipitation of electrons and the corre- 
sponding acceleration and escape of ionospher- 
ic ions take place in clefts interfacing magnetic 
anomalies and in the boundary interfacing the 
large-scale magnetization region with the non- 
magnetized region at Mars. 

Results from ASPERA-3 on MEX (20) sug- 
gest that energization and outflow of plasma 
may initiate at fairly low altitudes. Similarly, 
the nightside energization and outflow may also 
reach down to low altitudes, perhaps even lower 
in view of the low nightside ionization. The 
observations of upward-accelerated ions com- 
bined with downward-accelerated electrons are 
observed on flux tubes that are semi-open or 
open, connecting to strong crustal magnetiza- 
tions. However, we also observe acceleration in 
boundaries enclosing the large-scale regions of 
crustal magnetization. The intense fluxes of 
upgoing ionospheric ions represent the erosion 
of ionospheric plasma and the formation of 
plasma density cavities (2/). A combination of 
parallel electric fields and waves deepens the 
cavities and promotes an acceleration process 
in which parallel acceleration and heating are 
strongly coupled. This is consistent with the 
linear relation found between the ion peak/ 
beam energy and the beam temperature (Fig. 3, 
left), as previously observed above terrestrial 


discrete auroras associated with field-aligned 
plasma acceleration (5). 

Discrete auroras are therefore expected to 
occur in clefts interfacing with strong crustal 
magnetization regions at Mars (Fig. 5), but also 
in the interface region connecting the void and 
presence of crustal magnetizations at Mars. To 
complete the analogy between terrestrial dis- 
crete auroras and martian auroras, the precip- 
itating energy flux of electrons ©, is derived by 
adding the local energy flux ©, and the energy 
flux gained by electron acceleration P, down to 
the atmosphere. P, is computed using the 
acceleration voltage (V,) inferred from upgoing 
ionospheric ion beams (Fig. 3, left). For electro- 
static acceleration along a unit magnetic flux 
tube, assuming acceleration in a narrow altitude 
range, the total energy flux gain is given by 
P, ~ eV,®,, where ®, represents the local 
downward electron flux. Thus ©, ~ ©, + eV,®,. 
From 17 inverted V’s, we obtain the local max- 
imum energy flux ©, = 0.01 to 3 mW/m?, from 
which we derive ©, = 1 to 50 mW/m?. The 
latter corresponds to 2- to 80-kilorayleigh visible 
emissions (at 557.7 nm; the “green line”) above 
Earth. In a similar manner, the density distribu- 
tion of atomic oxygen from a time-averaged 
model of the martian atmosphere (22) suggests 
that the green-line aurora is generated above 
magnetic cusps and clefts in the nightside of 
Mars at atmospheric heights of 50 to 80 km. 
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Dissociation of MgSi0, in the Cores of 
Gas Giants and Terrestrial Exoplanets 


Koichiro Umemoto,? Renata M. Wentzcovitch,?* Philip B. Allen? 


CalrO,-type MgSiO, is the planet-forming silicate stable at pressures and temperatures beyond 
those of Earth’s core-mantle boundary. First-principles quasiharmonic free-energy computations 
show that this mineral should dissociate into CsCl-type MgO + cotunnite-type SiO, at pressures 
and temperatures expected to occur in the cores of the gas giants and in terrestrial exoplanets. 
At ~10 megabars and ~10,000 kelvin, cotunnite-type SiO, should have thermally activated 
electron carriers and thus electrical conductivity close to metallic values. Electrons will give 
a large contribution to thermal conductivity, and electronic damping will suppress radiative 


heat transport. 


into the CalrO,-type structure near Earth’s 
core-mantle boundary (CMB) conditions 
(J-3) invites a new question: What is the next 
polymorph of MgSiO,? The importance of this 
question has increased since the discoveries of 
two new exoplanets: the Earth-like planet with 


T= transformation of MgSiO,-perovskite 
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~7 Earth masses (4) (Super-Earth hereafter) 
and the Saturn-like planet with a massive dense 
core with ~67 Earth masses (5) (Dense-Saturn 
hereafter). The extreme conditions at the giants’ 
cores (6) and exoplanet interiors are challenging 
for first-principles methods. Electrons are ther- 
mally excited, and core electrons start to par- 
ticipate in chemical bonds. This requires either 
all-electron methods or the development of 
pseudopotentials based on core orbitals. Neither 
density functional theory (DFT) nor the quasi- 
harmonic approximation (QHA) have been 
tested at these ultrahigh pressures and temper- 
atures (PTs). Here, we use the Mermin func- 
tional (7), i.e., the finite electronic temperature 
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(T.,,) version of DFT that includes thermal 
electronic excitations, and ultrasoft pseudopo- 
tentials (8) based on orbitals with quantum 
number n = 2 and 3 for all three atoms. We 
studied MgSiO,, MgO, and SiO, up to 80 Mbar 
and 20,000 K (figs. S1 and $2, A to C). 
MgsSiO, could transform to another ABX,- 
type silicate or dissociate. We searched system- 
atically for possible ABX, structures having 
likely high-pressure coordinations and connectiv- 
ities, but found none with enthalpy lower than the 
CalrO,-type polymorph (see supporting online 
material). This phase dissociated into CsCl-type 
MgO and cotunnite-type SiO, at 11.2 Mbar in 
static calculations (Fig. 1). Both binary oxides 
undergo phase transitions below 11.2 Mbar. 
MgO undergoes the NaCl-type — CsCl-type 
transformation at 5.3 Mbar, and SiO, under- 
goes a series of phase transitions: stishovite > 
CaCl,-type — o-PbO,-type — pyrite-type > 
cotunnite-type at 0.48, 0.82, 1.9, and 6.9 Mbar, 
respectively (Fig. 2). Our static transition pres- 
sures agree well with previous first-principles 
results (9—/2) and experimental transition pres- 
sures (13, 14), except for the a-PbO,-type > 
pyrite-type transition in SiO,, which has been 
observed once at 2.6 Mbar (/5). CsCl-type 
MgO and cotunnite-type SiO, have not yet 
been seen experimentally. Baddeleyite-type and 
Ol-type phases occur as pre-cotunnite phases in 
TiO, (/6), an analog of SiO,. Our results show 
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that, in agreement with previous calculations 
(12), these phases are metastable with respect to 
pyrite-type and cotunnite-type SiO,. Phonon 
frequencies in the CalrO,-type phase and in the 
binary oxides increase with pressure. In our cal- 
culations, no soft phonons occurred up to 80 
Mbar, the pressure at Jupiter’s center. As 
expected, soft phonons occurred in CsCl-type 
MgO (~2 Mbar) and in cotunnite-type SiO, 
(~1.5 Mbar) upon decompression (fig. S2). 

Thermal electronic excitations have negligi- 
ble effect on the structural, vibrational, and 
thermal properties of these phases, even at 
20,000 K, shifting the phase boundary by less 
than 1 GPa. Empirically, the QHA should 
work well until the thermal expansivity o(P,7) 
becomes nonlinear (J7). We find linear T 
scaling up to the dashed lines in the phase 
diagram shown in Fig. 3A. The Clapeyron 
slope (dP/dT = dS/dV ) of the dissociation has 
large negative values at most pressures: —18 
MPa/K at 5000 K increasing to —33 MPa/K at 
10,000 K. This is caused by an increase in the 
average bond lengths [2.91 to 3.08 atomic units 
(au) for Mg-O bond and 2.59 to 2.76 au for 
Si-O bond] across the dissociation as cation 
coordination numbers increase. This decreases 
the average phonon frequencies and increases 
the entropy (18). At the same time, there is a 
density increase of | to 3% (Fig. 3B; fig. S3 and 
table S2). Negative Clapeyron slopes occurred 
also for the NaCl-type to CsCl-type MgO and 
for the pyrite-type to cotunnite-type SiO,. In 
both cases, cation coordination numbers and 
average bond lengths increase through the tran- 
sition (3.10 to 3.33 au in NaCl-type > CsCl-type 
MgoO; 2.81 to 2.90 au in pyrite-type — cotunnite- 
type SiO,). 

This dissociation should affect models of the 
gas giants’ cores (Fig. 3). CalrO,-type MgSiO, 
cannot exist in the cores of Jupiter and Saturn, 
but should survive in the cores of Uranus and 
Neptune, unless another phase transition not 
identified yet occurs at lower pressures. In 
Jupiter and Saturn, the dissociation occurs at 
PTs typically expected within the metallic- 
hydrogen envelope. The importance of this 
transformation for terrestrial exoplanets is more 
striking. Super-Earth is predicted to have a 
temperature of at least ~4000 K and a pressure 
of ~10 Mbar at its CMB (/9). This places the 
dissociation near its CMB. The eventual oc- 
currence of this endothermic transition with a 
large negative Clapeyron slope just above its 
CMB would be similar to the occurrence of the 
endothermic postspinel transition near the core 
of Mars. Geodynamical modeling suggests that 
this might be the cause of a proposed large 
martian superplume (20). Convection in a 
Dense-Saturn planet could be dramatically 
affected. PTs in this planet should be higher 
than in Saturn’s interior (Fig. 3), given its 
smaller size and higher surface 7s. A transfor- 
mation with such large negative Clapeyron 
slope in the middle of the silicate core/mantle 
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Fig. 1. Crystal structures of the stable phases. (A) CalrO,-type MgSiO, at static 10 Mbar. The space 
group is Cmcm. Lattice constants are (a, b, c) = (2.10, 6.42, 5.26) A. Atomic coordinates are Mg(4c) 
(0, 0.749, 0.25), Si(4a) (0, 0, 0), 0, (4c) (0, 0.070, 0.25), and 0,(8f) (0, 0.353, 0.438). (B) Cscl- 
type MgO at static 12 Mbar. The space group is Pm3m. The lattice constant is a = 1.870 A. (C) 
Cotunnite-type SiOz at static 12 Mbar. The space group is Pbnm. Lattice constants are (a, b, c) = 
(4.69, 3.95, 2.08) A. Atomic coordinates are Si(4c) (0.141, 0.232, 0.25), 0,(4c) (0.435, 0.348, 


0.25), and 0,(4c) (0.666, 0.984, 0.25). 


Fig. 2. Differences between static 0.3 


enthalpies of aggregation of MgO 
and SiO, in various forms and 
CalrO,-type MgSiO,. Dashed lines 


denote static transition pressures > 0.2 
of NaCl-type — CsCl-type MgO, © 
a-PbO,-type — pyrite-type SiO, 
and pyrite-type — cotunnite-type 2 1 
SiO,. — % 

> 
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of terrestrial planets is likely to inhibit con- 
vection (2/), promote layering, and produce 
differentiated mantles/cores, with a lower layer 
consisting primarily of oxides. 

At PTs relevant for the giants and exoplan- 
ets, major changes in materials properties take 
place: These minerals become intrinsic semi- 
conductors with electronic gaps (Fig. 4A). Local 
density approximation (LDA) usually underesti- 
mates band gaps by ~50%, whereas electron- 
phonon interactions cause gaps to narrow by a 
couple of eVs at elevated 7s (22). The intrinsic 
carrier [electrons () and holes (p)] concen- 
trations, in the range of 10,000 to 20,000 K 
(Fig. 4B), are typical of semimetals or heavily 
doped semiconductors. We focus on cotunnite- 
type SiO, with the largest carrier concentration. 

In evaluating transport coefficients, we treat 
holes as immobile (23). This model is moti- 
vated by the relatively flat valence band edge 
of cotunnite-type SiO,. Only thermal electrons 
are free and can carry both electrical and heat 
currents. The carrier density, n, from Fig. 4B 
can be represented by 


VA 


oe 4( 1 : ene 
Vein 


(1) 
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P (MBar) 


NaCl+a-PbO 


NaCl+Pyrite 
NaCl+Cotunnite 


where the thermal wavelength is \y = 


Qn 
Vo nckaT? and the cell volume V, and 


effective mass m, are 276 a,> and 0.4m, with 
ad, and m being the Bohr radius and the 
electron mass. Assuming that band gap E,= 
5 eV and taking T= 10* K, we obtainn ~ 8 x 
107° cm~3; 0.9% of SiO, units have one 
excited electron and hole. This carrier density 
is typical of semimetals or heavily doped 
semiconductors. 

The electrical conductivity, o, is obtained 
from (24, 25) 


etn 


0 = neu and p = . 
” 


(2) 


where 1 is the mobility and (t) is the average 
inverse scattering rate. There are three scatter- 
ing mechanisms: (i) Coulomb scattering of 
carriers from each other; (ii) scattering from 
impurities or defects; and (ili) scattering by 
phonons, both Fréhlich (F) and optical defor- 
mation potential (24). Coulomb scattering is 
primarily electrons scattering from holes. Be- 


SCIENCE 


Fig. 3. (A) Pressure- 
temperature phase diagram 
showing the dissociation 
of CalrO,-type MgSiO, 
into CsCl-type MgO and 
cotunnite-type SiO,. Red 
areas denote estimated 
pressure-temperature con- 
ditions at core-envelope 
boundaries in the solar gi- 
ants and in Super-Earth. 
Dashed lines indicate the 
limit of validity of the 
quasiharmonic approxima- 
tion (QHA). The dashed part 0 
of the phase boundary is 4 
more uncertain. (B) Density 

increase caused by the 

dissociation. 
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Fig. 4. (A) Solid and dashed lines denote the LDA band gaps of the phases involved, Egt°4 and 2 x 
Pas. respectively. Actual band gaps should be in this range. (B) Total carrier (n = electrons, p = 
holes) concentration at 10,000 K (solid lines) ~ 20,000 K (dashed lines) assuming E, =2x Beh, 
This should be a lower bound for the carrier concentration. 


cause holes are assumed to be localized, this is 
just a form of charged impurity scattering and 
likely weaker than scattering from impurities 
(Al, Fe, OH). Impurity and Froéhlich scatter- 
ing suffer Debye-Hiickel screening (24, 25), 
with inverse screening length « given by x? = 
Anne With our computed dielectric constant 
€,, ~ 4, l/k ~ 4.7 A. We obtain the following 
estimates (see supporting online material): 


a 0.07 x Tr). V 3) 
Capp) io? K) © 
He 0.08 x r_\" V 4) 
(tp) io? K) © 
ht re 
TD ini — V 5 
i. (a z) ) 
where x. is the fraction of Si atoms sub- 


imy 


stituted by impurities of effective charge Z = 1. 
The Fréhlich and impurity rates have addi- 
tional weak T-dependence (not shown) arising 
from temperature-dependent screening. 


SCIENCE VOL 311 


The ratio between impurity and electron- 
phonon scattering rates is “Timp = 50ximp, at 
T = 10* K. If more than 2% of Si atoms are 
replaced by charged impurities, impurity scatter- 
ing dominates but falls rapidly at higher 7. Minor 
element partitioning between MgO and SiO, at 
these conditions is unknown, and impurity cen- 
ters may provide thermally inexpensive sources 
of new carriers. Therefore, any estimate of the 
influence of impurities has significant uncertain- 
ty. Ignoring impurity scattering, the electron- 
phonon scattering then gives an upper bound for 
the electronic mobility 1. ~ 20 cm?/V‘s. This 
exceeds mobilities of typical metals (near 10 
cm?/V's at 300 K and falling as 1/7) but is 
smaller than 1p ~ 1400 cm?/V‘s for electrons in 
intrinsic Si at 300 K. The result is o = 2.6 x 10° 
(ohm:cm)~!. The corresponding resistivity, p ~ 
380 microhm:cm, is only twice that of liquid 
iron at atmospheric pressure (26). We believe 
this is a reliable lower limit and that uncertain- 
ties (primarily the value of £,, the concentra- 
tion of charged impurity centers, and neglect of 
some weaker phonon-scattering processes) may 
increase the resistivity by less than a factor of 
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5 (see supporting online material). This would 

still leave the material essentially a metal! 
The thermal conductivity can be estimated 

using an appropriate Weidemann-Franz ratio, 


Ka(T) = Fo =40 W/mK. This is large 


e 
compared to values of 2 to 4 W/mK that are 
representative of vibrational heat transport in hot 
anharmonic insulators (27). We also conclude 
that radiative heat transport should not be sig- 
nificant, despite the high energy content in the 
black-body spectrum at such high 7. Because 
of free electrons (28), no photons propagate 
with frequencies less than the plasma frequency 


4nne? 
EnMe 


Wp = = 0.9 eV. Above this energy, 


electronic absorption from deep levels in the gap, 
resulting from structural defects or impurities, 
such as iron, is likely to limit the radiative term to 
values smaller than the electronic contribution. 
The conductivities, both thermal and electrical, of 
cotunnite-type SiO, and most oxides and silicates 
in terrestrial exoplanets will be large because of 
carriers activated over the insulating gap. 

The dissociation of CalrO,-type MgSiO, 
stands as a challenge to be investigated by 
ultrahigh-pressure experiments. An alternative, 
low-pressure analog is NaMgF,. This com- 
pound exists in the Pbnm-perovskite structure 
at ambient pressure and is predicted to trans- 
form to the postperovskite structure at 17.5 GPa 
and to dissociate into NaF (CsCl-type) and 
MgF, (cotunnite-type) at ~40 GPa, after the 
fluorides undergo transitions similar to those of 
the oxides (29). The postperovskite transforma- 
tion appears to have been observed already 
(30), although the dissociation has not been 
observed yet. 


References and Notes 
1. M. Murakami et al., Science 304, 855 (2004). 
2. T. Tsuchiya et al., Earth Planet. Sci. Lett. 224, 241 (2004). 
3. A. R. Oganov, S. Ono, Nature 430, 445 (2004). 
4. E. ]. Rivera et al., Astrophys. J. 634, 625 (2005). 
5. B. Sato et al., Astrophys. J. 633, 465 (2005). 
6. T. Guillot, Phys. Today 57, 63 (2004). 


17 FEBRUARY 2006 


985 


REPORTS 


986 


7. D. Mermin, Phys. Rev. B 137, A1441 (1965). 

8. D. Vanderbilt, Phys. Rev. B 41, 7892 (1990). 

9. A. R. Oganov et al., J. Chem. Phys. 118, 10174 (2003). 

10. B. B. Karki et al., Phys. Rev. B 55, 3465 (1997). 

11. T. Tsuchiya et al., Geophys. Res. Lett. 31, L11610 (2004). 

12. A. R. Oganov et al., Phys. Rev. B 71, 064104 (2005). 

13. S. Ono et al., Earth Planet. Sci. Lett. 197, 187 (2002). 

14. M. Murakami et al., Geophys. Res. Lett. 30, 1207 (2003). 

15. Y. Kuwayama et al., Science 309, 923 (2005). 

16. N. A. Dubrovinskaia et al., Phys. Rev. Lett. 87, 275501 
(2001). 

17. B. B. Karki et al., Science 286, 1705 (1999). 

18. A. Navrotsky, Geophys. Res. Lett. 7, 709 (1980). 

19. D. Valencia, R. J. O'Connell, D. Sasselov, /carus, in press. 

20. S. A. Weinstein, J. Geophys. Res. 100, 11719 (1995). 

21. P. J. Tackley, J. Geophys. Res. 100, 15477 (1995). 


22. P. B. Allen, V. Heine, J. Phys. C 9, 2305 (1976). 

23. K.S. Song, R. T. Williams, Self-Trapped Excitons (Springer, 
Berlin, ed. 2, 1995), chap. 7. 

24. J. M. Ziman, Electrons and Phonons (Oxford Univ. Press, 
London, 1960). 

25. F. J. Blatt, Physics of Electronic Conduction in Solids 
(McGraw-Hill, New York, 1968). 

26. R. S. Hixson et al., Phys. Rev. B 42, 6485 (1990). 

27. G. A. Slack, in Solid State Physics, F. Seitz, D. Turnbull, 
Eds. (Academic Press, New York, 1980), vol. 34, pp. 1-71. 

28. S. P. Clark Jr., Trans. Am. Geophys. U. 38, 931 (1957). 

29. J. Parise et al., Fos Trans. AGU 85 (Fall Meet. Suppl.), 
abstr. MR23A-0188 (2004). 

30. H.-Z. Liu et al., Geophys. Res. Lett. 32, L04304 (2005). 

31. We thank D. Yuen, R. J. O'Connell, and D. Valencia for 
discussions and for sharing their unpublished results. 


Research was supported by NSF grants EAR-0135533, 
EAR-0230319, and ITR-0428774/ITR-0426757 (Virtual 
Laboratory for Earth and Planetary Material, a 
NSF-funded project at the Minnesota Supercomputing 
Institute; [www.vlab.msi.umn.edup. 


Supporting Online Material 
Www.sclencemag.org/cqi/comtenuTulU 63/9831D 
Methods 

SOM Text 

Figs. $1 to $4 

Tables $1 and S2 

References and Notes 


3 October 2005; accepted 30 December 2005 
10.1126/science.1120865 


Changes in the Velocity Structure 
of the Greenland Ice Sheet 


Eric Rignot?* and Pannir Kanagaratnam2* 


Using satellite radar interferometry observations of Greenland, we detected widespread glacier 
acceleration below 66° north between 1996 and 2000, which rapidly expanded to 70° north in 
2005. Accelerated ice discharge in the west and particularly in the east doubled the ice sheet mass 
deficit in the last decade from 90 to 220 cubic kilometers per year. As more glaciers accelerate 
farther north, the contribution of Greenland to sea-level rise will continue to increase. 


he contribution of the Greenland Ice 
[ste to sea level is a problem of con- 

siderable societal and scientific impor- 
tance. Repeat-pass airborne laser altimetry 
measurements (/) showed that the ice sheet is 
nearly in balance in the interior but its pe- 
riphery is thinning, with deterioration concen- 
trated along the channels occupied by outlet 
glaciers (2). The most recent surveys revealed 
that the mass loss from the periphery is in- 
creasing with time, with approximately half of 
the increase caused by enhanced runoff and 
half by enhanced glacier flow (3). 

Although these airborne surveys crisscrossed 
a large fraction of Greenland, they left major gaps 
in glacier coverage, particularly in the southeast 
and northwest. The mass loss from nonsurveyed 
glaciers was estimated using an ice melt model, 
thereby assuming no temporal changes in ice 
flow. If glacier dynamics is an important factor, 
the contribution to sea level from Greenland is 
underestimated using this approach. To address 
this issue and understand the exact partitioning 
between surface mass balance and ice dynamics, 
it is essential to estimate glacier discharge and its 
variability over time. 

Here, we measure glacier velocities using 
satellite radar interferometry data collected by 
Radarsat-1 in fall 2000 (4, 5) along the entire 
coast of Greenland except the southwest (Fig. 
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1) and repeatedly in spring and summer 2005 
along selected tracks covering major glaciers. 
We also use European Remote Sensing satel- 
lites ERS-1 and ERS-2 data from winter 1996 
in the north, east, northwest, and central west, 
and Envisat Advanced Synthetic Aperture 
Radar (ASAR) data from summer 2004 in the 
southwest. Ice velocity is measured with a 
precision of 10 to 30 m/year depending on 
satellite, data quality, and processing and is 
combined with ice thickness to calculate ice 
discharge. 

Ice thickness is estimated with a precision 
of 10 m from airborne radio echo sounding 
data collected in 1997 to 2005 (6). Although 
grounding-line thicknesses of glaciers extend- 
ing into floating ice tongues in the north are 
well known, ice thickness is difficult to mea- 
sure at the fronts of calving glaciers in other 
parts of Greenland where no floating ice 
tongues develop. Ice thickness is only known 
several km upstream of the ice fronts. Ice fluxes 
are thus calculated at these upstream flux gates 
with a precision of 4%. Ice-front discharge is 
deduced from the upstream flux by subtracting 
a zero-anomaly surface mass balance (7) 
between the flux gate and the ice front. The 
correction is small (Table 1). Ice-front dis- 
charge is initially calculated for 1996 if data are 
available; otherwise, it is calculated for 2000. 
Ice-front discharge in subsequent years is 
obtained by multiplying the reference discharge 
by the percentage velocity increase averaged at 
the ice front, with a precision reduced to 10% 
because ice thickness is assumed to be steady. 
This approach alleviates the lack of frontal 
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thickness data, accounts for higher dynamic 
losses nearer to the ice fronts, but omits dy- 
namic losses below flux gates in the reference- 
year calculation. Mass loss for each glacier 
system is deduced from the ice-front discharge 
in excess of the zero-anomaly surface mass 
balance calculated for the entire drainage, with 
a precision of 14% (Table 1). 

We examined the seasonal variability in flow 
speed of major glaciers in fall 2000. We found 
no velocity change from September to January at 
the 1% level over the 24-day averaging period of 
Radarsat-1. On the Petermann Glacier (1 in Fig. 
1), a continuous set of observations in 2004 
reveals an 8% increase in the summer months 
compared to winter (Fig. 2A). A similar sea- 
sonality is detected on Nioghalvfjerdsbrae and 
all southeast Greenland glaciers and has been 
observed on Jakobshavn Isbrae (8) and Colum- 
bia Glacier, Alaska (9). Winter velocities are 
therefore only 2% lower than the annual means, 
and flow changes must exceed 8% to be sig- 
nificant. No seasonal correction is applied to 
our data to compensate for the fact that surface 
velocities may represent 97 to 99% of vertically 
integrated velocities at the flux gates. 

A nearly comprehensive estimate of ice 
discharge around Greenland is obtained for year 
2000, and partial coverage for 1996 and 2005. 
The results are used to detect changes in ice 
discharge around the periphery caused by ice 
dynamics alone and determine their impact on 
ice sheet mass balance, independent of temporal 
changes in surface mass balance, i.e., accumu- 
lation and melt. 

Many changes in velocity are observed in the 
north, but they are of little consequence to total 
mass balance. Harald Moltke Glacier was 
surging in 2005 after a quiescent phase. Nearby 
Tracy and Heilprin glaciers accelerated 40% and 
18% in 2000 to 2005 (Fig. 2L), but the corre- 
sponding mass loss is small. Petermann Glacier 
has been stable since 1996, and its mass balance 
remains slightly negative. Academy Glacier 
tripled its speed in 2005 (Fig. 2C), which is 
typical for northern Greenland surge-type gla- 
ciers; its mass balance averages zero over the 
last decade. Farther east, the mass losses from 
decelerating Nioghalvfjerdsbrae and accelerat- 
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Fig. 1. Ice-velocity mo- 
saic of the Greenland Ice 
Sheet assembled from 
year 2000 Radarsat-1 ra- 
dar data, color coded on 
a logarithmic scale from 
1 m/year (brown) to 3 
km/year (purple), over- 
laid on a map of radar 
brightness from ERS-1/ 
Radarsat-1/Envisat. Drain- 
age boundaries for flux 
gates in Table 1 are in 
red. Drainage boundaries 
with no flux estimates but 
discussed in the text are 
in blue. Numbers refer to 
drainage basins in Table 1. 


ing Zachariae Isstrom compensate for the mass 
gain of decelerating Storstrommen, a surge-type 
glacier in a quiescent mode (Fig. 2D). Overall, 
the northern sector exhibits a small mass loss 
(Table 1). 

In central east Greenland, no flow change is 
detected on Daugaard-Jensen (Fig. 2E) and 
Vestfjord glaciers (area 9) in 1996 to 2005. 
The 3.7-km/year frontal speed of Daugaard- 
Jensen is identical to that measured in 1969 
(10), and the glacier is in balance. Immedi- 
ately south, Kangerdlugssuaq Glacier has been 
stable in speed since 1962, but was thinning 
and losing mass in 1996 (//). The glacier 
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accelerated 210% in 2000 to 2005 (Fig. 2F) 
to flow 13 to 14 km/year at the calving front, 
which is the largest speed in Greenland. The 
ice front retreated about 10 km. The 8-km/year 
additional frontal speed over the last 30 km 
must have longitudinally stretched the 1-km- 
thick ice to thin it by 250 m. The acceleration 
increased the mass loss from 5 km? ice/year 
in 1996 (12) to 36 km ice/year in 2005 
(Table 1), which is 6% of Greenland’s total 
accumulation. 

Farther south, Helheim Glacier exhibited a 
positive mass budget in 1996 to 2004 (/2) but 
was thinning at low elevation in the 1990s (2). 
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In 2000 to 2005, the glacier accelerated 60% 
and retreated 5 km (Fig. 2G). The 6-km/year 
increment in speed over 40 km must have 
thinned the glacier by 75 m. Its mass balance 
decreased from positive in 1996 to —12 km 
ice/year in 2005, which is half the glacier 
annual accumulation. 

Even more pronounced changes are taking 
place in the southeast, where most glaciers have 
no names (names in Fig. 2] are mostly associated 
with fjords) and are rarely visited. Snow accu- 
mulation is the highest in Greenland, causing 
high rates of ice discharge per unit area. This 
region was rapidly thinning up to the ice divide in 
the 1990s (/) and losing 17 km? ice/year over 
38,000 km? in 1996 (/2). Here, we estimate a 
29-km3/year ice loss over a more compre- 
hensive area of 73,700 km? in 1996 (Table 1). 
The largest 21 glaciers accelerated 28.5% on 
average between 1996 and 2000 and 57% in 
1996 to 2005 (Fig. 21). Flow acceleration varies 
substantially among glaciers but remains wide- 
spread and systematic. Most glacier fronts 
retreated several km since 1996. Total loss in- 
creased from 48 km?/year in 2000 to 67 km?/year 
in 2005, which is twice the 1996 value. 

Few large glaciers drain the south and 
southwestern tips of Greenland because its 
ablation area is much broader and less steep 
than that in the southeast, so glacier ice discharge 
at the coast is low. Ice was thickening inland and 
thinning at low elevation in the 1990s (/). We 
have no thickness data and few velocity data 
for the largest glaciers. Nordbogletscher (area 
14), Sermilik (area 15), and Kangiata nunata/ 
Narssap sermia (area 17) have, respectively, 
balance fluxes of only 1, 6.5, and 6 km: ice/year, 
so potential mass losses from ice dynamics 
are small. Kangiata nunata sermia sped up by 
6% in 1996 to 2000 and 27% in 2000 to 2005, 
whereas Narssap sermia sped up by 68% and 
150% (Fig. 2K). In areas 18 and 19, where ice 
flows only a few hundred meters per year, we 
detected a 25% acceleration in 2000 to 2005 
(Fig. 2J). This region is unlikely to experience a 
positive mass balance at present. 

Jakobshavn Isbrae underwent a 95% increase 
in frontal speed in 1996 to 2005 during the 
progressive breakup of its floating ice tongue 
(13, 14) (Fig. 2H). In retreat since before the 
beginning of the century, the glacier was 
thickening in 1993 to 1998 (2) and then 
thinning (/5). Its ice flux, deduced from radio 
echo sounding and seismic data (/6), was 27 
km ice/year in 1996. Ice discharge increased 
from 24 km? ice/year in 1996 to 46 km? ice/year 
in 2005 (Table 1). 

Farther north, Kangilerngata and Eqip sermia 
accelerated by 30% in 2000 to 2005, but the ad- 
jacent larger Sermeq avangnardleq and kujatdleq 
slowed down by 11% (Fig. 2M), so overall losses 
did not change. Rinks Isbrae (area 23) did not 
accelerate in 2000 to 2005 (Fig. 2N) but ex- 
hibits a negative mass balance. Similarly, 
Upernavik Isstrom is 30% out of balance and 
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Table 1. Mass loss of the Greenland Ice Sheet. A, area of drainage basin; 
F, ice flux upstream of ice front in 1996 (2000 if 6th column is blank); D, 
discharge (D = F — surface mass balance between gate and ice front); 
SMB, surface mass balance over entire drainage; MB, mass balance (MB = 
SMB — D). Missing values in 6th and 8th columns are replaced by 7th 


1990 average (19). 


column in totals. Loss of nonsurveyed west glaciers is extrapolated from 
average loss per unit area for areas 21 to 31. Area 19 is for flux gate 
only. Total ice sheet mass balance, Total + SMB anomalies = Total (ice 
dynamics for North + East + West) + deviations in SMB from 1960 to 


Glacier A (km?) F (km3/year) D (km3/year) SMB (km3/year) MB 1996 (km?/year) MB 2000 (km?/year) MB 2005 (km3/year) 
Tracy/Heilprin (32) 10,439 2.4 1.9 17 -0.2 -0.2 -1.0 
Humboldt (33) 47,370 5.6 3.7 2.4 =1:3 =1.3 
Petermann (1) 73,927 12.2 11.8 11.1 —0.7 —0.7 —0.7 
Ryder (2) 29,832 4.3 3.6 4.2 +0.6 +1.0 +0.5 
Ostenfeld (3) 11,166 2.2 1.9 1.5 —0.4 —0.4 
Academy/Hagen (4) 32,386 3.7 3.5 3.4 —0.1 +1.1 —0.7 
Nioghalvfjerdsbrae (5) 103,314 14.3 13.5 11.5 —2.0 —10 —0.1 
Zachariae |. (6) 91,780 11.7 9.9 9.4 —0.5 —0.5 —1.7 
Storstrammen (7) 64,662 6.8 0.1 2.4 +2.2 42.3 +3.3 
North 464,876 62.8 50.0 47.6 —2.4 —0.7 —2.3 
Daugaard-Jensen (8) 50,150 10.5 10.0 10.0 +0.0 +0.0 +0.0 
Kangerdlugssuaq (10) 51,027 27.9 27.8 22.6 —5.2 —5.2 —35.8 
Helheim (11) 48,140 26.2 26.3 30.1 +3.8 +3.8 —12.0 
Ikertivaq (12) 10,327 10.3 10.1 9.2 —0.9 —3.0 
Southeast (13) 63,413 67.4 66.8 37.5 —29.3 —48.3 —67.4 
East 223,057 142.3 141.0 109.4 —31.6 —50.6 —118.2 
Nordenskiold (19) 62,647 10.7 10.7 14.1 +3.4 —0.7 
Jakobshavn |. (20) 92,080 27.0 23.6 30.0 +6.4 —12.5 —16.0 
Sermeg kujatdlEq. (21) 25,647 10.9 10.0 6.8 —3.2 —3.2 
Kangerdlugssup (22) 7110 2.7 2.4 1.9 —0.5 —-0.5 
Rinks (23) 30,182 12.1 11.8 10.6 —1.2 —1.2 
Upernavik (24) 22,471 8.6 8.1 6.0 —2.1 —2.1 
Nunatakavsaup (25) 14,680 4.7 3.8 2.3 —15 —1.5 
Igdlugdlip (26) 23,802 7.1 6.2 5.4 -0.8 -0.8 
Hayes (27) 34,803 10.9 9.9 8.7 —1.2 —1.2 
Steenstrup (28) 6,010 1.3 0.8 1.2 +0.4 +0.4 
Kong Oscar (29) 21,134 8.5 8.3 6.8 -15 =1,5 —1.8 
Peary/Docker (30) 12,717 8.5 7.8 4.2 —3.6 —3.6 
Gades (31) 2,983 3.3 3.2 1.1 —2.1 =2.1 
Nonsurveyed (30-31) 165,084 64.4 59.2 45.0 —14.2 —14.2 —14.4 
West 521,350 180.7 165.8 144.1 —21.7 —40.6 —47.0 
Total 1,209,280 386 357 301 —56 + 30 —92 + 30 —167 + 40 
Total + SMB anomalies —91 + 31 —138 + 31 —224+ 41 


continues a retreat started early in this century 
(/7). Mass balance is strongly negative as well 
for Igdlugdlip and Nunatakavsaup sermia, 
Steenstrup, Kong Oscar, Peary, Docker Smith, 
and Gades glaciers, and probably all glaciers 
flowing from the high-accumulation northwest- 
em belt. The fastest glacier, Kong Oscar, 
accelerated by 12% in 1996 to 2000 and none 
in 2000 to 2005 (Fig. 20). Overall, flow ac- 
celeration north of 70°N is subdued or absent 
compared to that in the south. The largely 
negative mass balance of the northwest sec- 
tor, however, which is consistent with its ob- 
served dynamic thinning (/, 2), suggests that the 
glaciers were already flowing above balance 
conditions in 1996. Comparison of the 2000 
ice-front velocities with those measured in 
1957/58 to 1964 in areas 20 to 23 (18) shows 
no detectable change in speed at the 10% level. 
If ice dynamics is the cause of thinning, glacier 
acceleration took place before 1957, and the 
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year 2000 glacier losses have prevailed for 
many decades. 

Glacier losses caused by ice dynamics alone 
are summarized in Table 1 for north, east, and 
west Greenland. The largest contributions are 
from southeast and northwest Greenland in 
1996 to 2000, with the addition of central east 
and west in 2000 to 2005 because of the accel- 
eration of only three large glaciers. These esti- 
mates do not include glaciers draining from local 
ice caps, southwest Greenland glaciers, and 
small eastern glaciers south of Storstrommen 
with low levels of ice discharge. 

To obtain the total ice sheet loss, we need to 
combine the calculated losses from ice dynamics 
in Table 1 with deviations in surface mass 
balance from the long-term average calculated 
elsewhere. Climate warming in the last decade 
has enhanced surface melt and slightly increased 
snow precipitation to reduce the surface mass 
balance compared to the 1960 to 1990 average 
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by an estimated 35 km} ice/year in 1996 and 46 
km ice/year in 2000 (19), which we linearly 
extrapolate to 57 km? ice/year in 2005. Total ice 
sheet loss, combining dynamic losses and devia- 
tions from a zero-anomaly surface mass balance, 
is then 91 + 31 km? ice/year in 1996, 138 + 31 
km ice/year in 2000, and 224 + 41 km? ice/year 
in 2005. 

Greenland’s mass loss therefore doubled in 
the last decade, well beyond error bounds. Its 
contribution to sea-level rise increased from 
0.23 + 0.08 mm/year in 1996 to 0.57 + 0.1 
mm/year in 2005. Two-thirds of the loss is 
caused by ice dynamics; the rest is due to en- 
hanced runoff minus accumulation. Ice dynamics 
therefore dominates the contribution to sea-level 
rise from the Greenland Ice Sheet. 

Glacier acceleration in the east probably 
resulted from climate warming. Temperature 
records at Angmassalik (65.6°N, 37.6°E) show a 
+3°C increase in yearly air temperature from 


SCIENCE 


REPORTS lL 


Fig. 2. Ice velocity (in 
meters per year) for 1996 
(black), 2000 (blue), and 
2005 (red) of Greenland 
glaciers versus distance. In 
(A) to (D) and (1) to (O), 
the selected velocity pro- 
files cross the glaciers 
within a few km of the 
ice front, and distance is 
measured in a direction 
perpendicular to the gla- 
cier flow (west-east or 
north-south). In (E) to 
(H), the selected velocity 
profiles are in the along- 
flow direction, at the gla- 
Ger center line, starting 
from above the flux gate 
(left side of the axis, 
negative distance) toward 
the ice front (right side 
of the axis, positive dis- 
tance). (A) Petermann 
(1); (B) Ryder (2); © 
Academy/Hagenbrae (4); 
(D) Nioghalvfjerdsbrae/ 
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1981-1983 to 2003-2005. The processes that 
control the timing and magnitude of glacier 
changes are, however, not completely charac- 
terized and understood at present. Glacier 
accelerations have been related to enhanced 
surface meltwater production penetrating to the 
bed to lubricate its motion (20), and ice-shelf 
removal (/3), ice-front retreat, and glacier 
ungrounding (2/, 22) that reduce resistance to 
flow. The magnitude of the glacier response to 
changes in air temperature (surface melting) 
and ocean temperature (submarine melting at 
calving faces) also depends on the glacier-bed 
properties, geometry, and depth below sea level 
and the characteristics of the subglacial and 
englacial water-storage systems (3, 20). Cur- 
rent models used to project the contribution 
to sea level from the Greenland Ice Sheet in a 
changing climate do not include such physi- 
cal processes and hence do not account for 
the effect of glacier dynamics. As such, they 
only provide lower limits to the potential 
contribution of Greenland to sea-level rise. If 
more glaciers accelerate farther north, espe- 
cially along the west coast, the mass loss 
from Greenland will continue to increase well 
above predictions. 
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Transitions to Asexuality Result in 
Excess Amino Acid Substitutions 


Susanne Paland and Michael Lynch 


Theory predicts that linkage between genetic loci reduces the efficiency of purifying selection. 
Because of the permanent linkage of all heritable genetic material, asexual lineages may be 
exceptionally prone to deleterious-mutation accumulation in both nuclear and organelle genes. 
Here, we show that the ratio of the rate of amino acid to silent substitution (K,/K,) in mitochondrial 
protein-coding genes is higher in obligately asexual lineages than in sexual lineages of the 
microcrustacean Daphnia pulex. Using a phylogeny-based approach to quantify the frequency of 
mutational-effect classes, we estimate that mitochondrial protein-coding genes in asexual lineages 
accumulate deleterious amino acid substitutions at four times the rate in sexual lineages. These 
results support the hypothesis that sexual reproduction plays a prominent role in reducing the 


mutational burden in populations. 


Ithough sexual reproduction is costly 

when compared with asexual repro- 

duction (/—3), it may accelerate the 
rate of adaptation and inhibit the accumulation 
of mildly deleterious mutations, because mei- 
otic segregation and recombination facilitate 
the ability of natural selection to act indepen- 
dently on different genetic loci (2-6). These 
effects arise because the stochastic sampling 
variance associated with the interference be- 
tween selection on linked loci reduces the 
genetic effective population size (N,), which 
increases the power of random genetic drift 
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(7-9). As the frequency of recombination is 
reduced, the fates of mutant alleles become in- 
creasingly dependent on the backgrounds in 
which they originate, and the buildup of 
repulsion disequilibrium reduces the fitness 
differential between chromosomes (the Hill- 
Robertson effect) (7), thereby diminishing the 
efficiency of selection. As a consequence, mildly 
deleterious mutations may accumulate through 
several population-genetic mechanisms (/0-/5), 
leading to a long-term decline in fitness. De- 
pending on the distribution of mutational effects, 
epistatic interactions between consecutive muta- 
tions can either slow or accelerate this process 
(16). Although increased rates of nonadaptive 
evolution have been documented for genomic 
regions with low levels of recombination and for 
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nonrecombining chromosomes (/7, 18), and it is 
thought that few asexual taxa persist for long 
periods of time (/9), it remains to be determined 
whether mildly deleterious mutations play a 
critical role in their early demise (20). 

To evaluate the degree to which sexual 
reproduction promotes the purging of deleteri- 
ous mutations, we compared patterns of nucle- 
otide substitution in the 13 protein-coding genes 
encoded by the mitochondrial genomes (sup- 
porting online text) of cyclically parthenogenetic 
(“sexual”) Daphnia pulex with those in their 
obligately parthenogenetic (“asexual”) deriva- 
tives (table S1). The latter represent indepen- 
dent lineages of recent origin resulting from a 
dominant sex-limited meiosis suppressor trans- 
mitted by male progeny of otherwise asexual 
lineages (2/, 22). We reconstructed a phylog- 
eny by application of a Bayesian method (23). 
Because this species is ancestrally sexual and 
reversals of asexuality to sexuality are unlikely 
(and unknown), asexual evolution is rep- 
resented by sequence changes on branches 
connecting current asexuals with their most 
recent sexual ancestors. However, because 
asexuality may have actually arisen part way 
down a given asexual branch, the true differ- 
ences between sexual and asexual sequence 
evolution reported below will be underesti- 
mated, making our test conservative. 

The predicted molecular signature of 
deleterious-mutation accumulation for genes 
mostly subject to purifying selection (K,/K, < 1) 
is an increased rate of evolution at the amino 
acid level, whereas genes predominantly under 
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positive selection (K,/K, > 1) are expected to 
show decreased rates of protein evolution 
(17, 24). The predicted acceleration in muta- 
tional decay in asexual lineages extends to the 
normally nonrecombining mitochondrial genes 
because the loss of segregation between nuclear 
and organelle genomes, analogous to the loss of 
recombination between nuclear loci, subjects 
such genes to selective interference from the 
entire nuclear genome. Because animal mito- 
chondrial genomes generally have elevated 
mutation rates, the power to detect excess 
rates of mutation accumulation in short-lived 
lineages is enhanced, and the haploid nature 
of such genomes simplifies the acquisition of 
sequence data. 

We applied a maximum-likelihood approach 
(23) to the concatenated coding sequences of all 
13 mitochondrial protein-coding genes, using 
hierarchical models to evaluate the validity of 
alternative assumptions about the mode of 
evolution in asexual versus sexual lineages 
and internal versus external branches. Because 
high rates of adaptive evolution might represent 
a confounding factor in our analysis, we first 
evaluated the assumption that the mitochondrial 
protein-coding genes of D. pulex are mostly 
subject to purifying selection (i.e., K,/K, < 1). 
The one-ratio model estimates the average 
ability of amino acid—altering mutations to ac- 
cumulate in mitochondrial protein-coding genes 
by constraining all branches of the phylogeny 
to have the same K,/K, ratio. The resultant 
overall K,/K, ratio of 0.159 (Table 1) reflects a 
significantly lower amino acid than silent sub- 
stitution rate. The proportion of strongly delete- 
rious spontaneous amino acid substitutions can 
then be expressed as 1 — (K,/K,) = 0.841 (25), 
providing a clear indication that purifying 
selection rejects the majority of amino acid al- 
tering mutations in the mitochondrial protein- 
coding genes of Daphnia. 

The two-ratio model tests for the presence of 
mildly deleterious mutations among the pool of 
observed amino acid substitutions by allowing 
different K,/K, ratios for internal and external 
branches of the phylogeny. External branches 
depict the most recent, and internal branches 
the more distant, evolutionary history of a 
sample of DNA sequences. If amino acid 
substitutions are either neutral or strongly 
deleterious, then K, will approximate the muta- 
tion rate to neutral amino acid substitutions, and 
the K,/K, ratios of external and internal 
branches should remain constant, assuming that 
silent substitutions also accumulate at the 
neutral mutation rate. This hypothesis is re- 
jected because the two-ratio model provides a 
significantly better fit to the data than the one- 
ratio model, yielding a K,/K, ratio about twice 
as high for external as for internal branches 
(2A¢ = 10.04; df = 1; P < 0.005) (Table 1). 

Although this pattern supports the existence 
of a class of mildly deleterious amino acid 
substitutions that persist in the short term but are 
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Table 1. Maximum-likelihood parameter estimates for the mitochondrial DNA data set and 
estimates of selective constraint under the three likelihood models. 


p* et KK 1—- K,/K,§ 
One-ratio model 1 -19,448.09 All branches = 0.159 0.841 
Two-ratio model 2 —-19,443.07 Internal branches = 0.098 0.902 
External branches = 0.192 0.808 
Four-ratio model 4 -19,437.59 Internal sexual branches = 0.091 0.909 
Internal asexual branches = 0.143 0.857 
External sexual branches = 0.135 0.865 
External asexual branches = 0.268 0.732 


*Number of free parameters in the likelihood analysis. 
ratio of the rate of amino acid to silent substitution. 


tlog-likelihood values. $Maximum-likelihood estimates of the 
§Estimates of selective constraint. 
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Fig. 1. Phylogenetic trees constructed using maximum-likelihood estimates of the expected 
number of silent (A) and amino acid (B) substitutions per site under the four-ratio model. Sexual 
(S1 to $14) and asexual (A1 to A14) lineages are denoted by black and gray branches, respectively. 


removed by purifying selection in the longer 
term (26), to further evaluate whether purifying 


D. pulex with the ratio of the numbers of fixed 
amino acid (D,) and silent (D,) substitutions 


rather than positive selection is the predominant 
form of selection acting on intraspecific amino 
acid polymorphism in D. pulex, we used an 
extension of the McDonald-Kreitman test of 
neutral molecular evolution (27) to compare the 
ratio of the numbers of polymorphic amino acid 
(P,) and silent (P,) substitutions among sexual 
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between sexual D. pulex and a closely related 
outgroup species, D. melanica (23). Predom- 
inantly adaptive evolution results in P,/P, < 
D,/D,, because advantageous amino acid sub- 
stitutions are fixed relatively rapidly and con- 
tribute mainly to interspecific divergence, 
whereas P,/P, > D,/D, reflects the signature 
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of purifying selection against mildly deleterious 
amino acid substitutions that contribute mainly 
to intraspecific polymorphism (28). P,/P. is 
significantly larger than D./D, (P,/P, = 0.246; 
D,/D, = 0.150; P = 0.029), confirming that 
purifying selection is the predominant form of 
selection acting on mitochondrial amino acid 
sequence variation in D. pulex. This type of 
pattern has been consistently reported in other 
animals (26). 

A four-ratio model allowing different K,/K, 
ratios for sexual and asexual internal and 
external D. pulex branches fits the data signif- 
icantly better than the two-ratio model (2A¢ = 
10.96, df = 2, P < 0.005) (Table 1). The es- 
timated K,/K, for asexual external branches is 
twice as high as that for sexual external 
branches, and K,/K, for asexual internal 
branches is 1.6 times as high as that for sexual 
internal branches. Because of the recent ori- 
gin of asexual lineages, there are only three 
internal asexual branches in our analysis, so 
the external-branch estimate provides a better 
indication of the disparity in patterns of se- 
quence evolution between asexuals and sex- 
uals. In any event, it is clear that excess amino 
acid substitutions occur in asexual lineages. Phy- 
logenetic trees based on maximum-likelihood 
estimates of the expected number of silent 
versus amino acid substitutions per site under 
the four-ratio model have notably different 
shapes as a result of the elevated accumulation 
of amino acid substitutions on asexual branches 
(Fig. 1). 

The degree to which the accumulation of 
deleterious mutations is accelerated in asexual 
lineages can be quantified by using a phylogeny- 
based method. This method assumes that (i) 
silent substitutions accumulate at the neutral 
rate, here validated by the lack of a significant 
difference in K, between sexual and asexual 
branches (Wilcoxon two-sample test; external 
branches, P = 0.505; internal branches, P = 
0.422) (see also Fig. 1); (ii) nearly all excess 
amino acid substitutions in asexual lineages are 
deleterious; and (iii) the frequency of adaptive 
amino acid substitutions is negligible. The 
observed K,/K, ratios for sexual and asexual 
branches of the phylogeny (Table 1) can then 
be used to estimate the frequencies of (i) 
strongly deleterious amino acid substitutions, 
subject to rapid purifying selection in both 
sexual and asexual populations, as | — (K,/K,) 
for external asexual branches; (ii) moderately 
deleterious amino acid substitutions maintained 
in asexual populations but subject to rapid 
purifying selection in sexual populations, as 
the difference between K,/K, on external asex- 
ual and sexual branches; (iii) mildly deleterious 
amino acid substitutions segregating in both 
sexual and asexual populations, as the differ- 
ence between K,/K, on external and internal 
sexual branches; and (iv) effectively (but not 
necessarily absolutely) neutral substitutions, as 
K,/K, on internal sexual branches. Of the amino 
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acid altering mutations arising in mitochondrial 
protein-coding genes of D. pulex, we estimate 
that 73.2% have strongly deleterious effects and 
are subject to purifying selection irrespective of 
the population’s breeding system, 13.3% have 
moderately deleterious effects and persist only 
in asexual populations, 4.4% are mildly delete- 
rious and allowed to persist in the short-term 
even in sexual populations, and 9.1% are 
effectively neutral. Thus, the rate of accumula- 
tion of deleterious amino acid-altering muta- 
tions in asexual lineages, 4.4 + 13.3 = 17.7%, 
is four times as high as that for sexual lineages 
(4.4%). 

This difference is unlikely to be due mainly to 
ecological or demographic differences between 
sexual and asexual populations. Because new 
asexual lineages of D. pulex arise by the back- 
crossing of asexually produced males to females 
of the sexual species, not only do members of 
both lineages necessarily share a common 
recent biogeographic and ecological history 
(22), but also they contain the same background 
genomic content relevant to local adaptation. 
Newly invading asexuals often rapidly replace 
resident sexual populations, creating lineages 
with densities of many millions of individuals, 
so there is no evidence for prolonged demo- 
graphic bottlenecks. Thus, our results indicate 
that sexual reproduction enhances the efficiency 
of purifying selection, supporting the theory that 
deleterious-mutation accumulation is a leading 
evolutionary force contributing to the short 
longevity of asexual lineages. 
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Cdx2 Gene Expression 
and Trophectoderm Lineage 
Specification in Mouse Embryos 


Kaushik Deb,’ Mayandi Sivaguru,? Hwan Yul Yong, R. Michael Roberts?3* 


Controversy exists as to whether individual blastomeres from two-cell-stage mouse embryos 

have identical developmental properties and fate. We show that the transcription factor Cdx2 is 
expressed in the nuclei of cells derived from the late-dividing but not the first-dividing blastomere 
of two-cell embryos and, by lineage tracing and RNA interference knock-down experiments, 

that this lagging cell is the precursor of trophectoderm. Cdx2 mRNA is localized toward the vegetal 
pole of oocytes, reorients after fertilization, and becomes concentrated in the late-dividing, 
two-cell-stage blastomere. The asymmetrical distribution of Cdx2 gene products in the oocyte 
and embryo defines the lineage to trophectoderm. 


the embryo depends on the asymmetrical dis- 


I: most animals, the proper development of 
tribution of maternal transcripts and protein in 
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the egg. In Drosophila, gradients of transcription 
factors are established that provide spatially re- 
stricted, cis-regulatory control over downstream 
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no signs of asymmetry in terms of protein 
distribution (Fig. 2, D to F), which is quite unlike 
that seen at the two-cell stage (Fig. 2, G to L). 


zygotic genes (/). The Xenopus oocyte, although (n = 45) expressed little or no Cdx2 protein, 
radially symmetrical, also possesses an asym- whereas zygotes (n = 56) consistently exhibited 
metrical distribution of mRNA that reflects the clumps of antigen throughout their cytoplasm but 


animal and vegetal poles of the egg and subse- 
quent patterning during embryogenesis (2). 

Early mammalian embryos have long been 
considered to lack the polarity so evident in 
frogs and insects because of the ease with which 
individual blastomeres can be manipulated and 
used to regenerate entire embryos and form 
chimeras (3—9). Nonetheless, considerable de- 
bate rages about whether the mature mouse 
oocyte contains factors localized in such a man- 
ner that they direct future cell differentiation 
(/0-13). This argument has recently focused on 
the individual fates of blastomeres of the two- 
cell-stage embryo. Whereas some argue that 
these two cells are equivalent in their develop- 
mental properties (14-16), others have reported 
that one blastomere contributes predominantly to 
the embryonic part of the blastocyst [polar troph- 
ectoderm and inner cell mass (ICM)] and the 
other to the abembryonic portion (/7—20). Here, 
we provide evidence that trophectoderm lineage 
specification occurs early in development, cer- 
tainly by the two-cell stage and most likely before 
the zygote first divides, in agreement with studies 
indicating the existence of some patterning at the 
early stages of mouse development (2/—23). 

The caudal-type homeodomain transcription 
factor Cdx2 is required for proper develop- 
ment of trophectoderm in mice (24, 25). We noted 
that blastomeres of the two-cell mouse embryo 
could usually be distinguished according to the 
distribution of Cdx2 protein (Fig. 1). In 71% (37 
of 52) of the cases, both blastomeres showed 
positive fluorescence, but nuclear localization of 
Cdx2 was observed in only one of them (Fig. 1B 
and fig. $1). Of the remainder, Cdx2 expression 
was either more or less confined to one 
blastomere (10 of 52, 19%) (Fig. 1A) or distrib- 
uted relatively uniformly between the two blas- 
tomeres (5 of 52) without any obvious nuclear 
localization (26). The second polar body was 
also Cdx2-positive in most two-cell-stage em- 
bryos. The nuclear staining for Cdx2 (Fig. 2, G 
and I) matched the 4’,6’-diamidino-2-phenylindole 
(DAPI) staining pattern and nuclear architecture, 
which was often dominated by a large, centrally 
placed nucleolus. The peripheral ring of fluores- 
cence was not a consequence of the focal plane 
selected, as is evident from examination of a se- 
ries of optical sections (Fig. 2, G to I, and fig. S1). 
Localization of mEomesodermin (mEomes), an- 
other transcription factor associated with troph- 
ectoderm differentiation (27) and used here as a 
control, did not show any asymmetry in its dis- 
tribution between blastomeres (Fig. 3 and fig. S2). 
Figure 2, A to C, shows that oocytes themselves 
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Fig. 1. Localization of Cdx2 (green) in mouse embryos by using an indirect immunofluorescence 
technique. White arrows indicate blastomeres with perinuclear localization of Cdx2. (A) Two-cell 
embryo with strong cytoplasmic localization of Cdx2 in one blastomere. The red arrow indicates a 
polar body (PB). (B) Typical pattern of Cdx2 expression in a two-cell embryo. (C to E) Typical pattern 
of Cdx2 expression in three-, four-, and six-cell embryos. Scale bar indicates 25 uM. 


Fig. 2. Cdx2 expression 
in mouse oocytes and 
preimplantation stage 
embryos. (A to C) Typical 
unfertilized oocyte with 
no detectable expression 
of Cdx2. (D to F) Zygote 
with typical punctate 
staining. (G to 1) Typical 
two-cell embryo. (J to L) 
Optical section from a 
two-cell embryo showing 
the intense Cdx2 expres- 
sion (indicated by white 
arrows) in the nucleus. 
(M to R) Embryos at the 
four- and eight-cell stages 
of development with half 
the blastomeres showing 
nuclear localization of 
Cdx2. (S to U) Typical 
morula-stage embryo 
showing nuclear local- 
ization of Cdx2 in outer 
cells. (V to X) Typical 
blastocyst with nuclear 
localization of Cdx2 in 
trophectoderm. (a to h) 
Control blastocyst stained 
with Cdx2 antibody pre- 
adsorbed with recom- 
binant Cdx2 protein. Tr, 
trophectoderm. Scale bars, 
25 uM. 
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Fig. 3. Distribution of 
Eomes at two-cell, four- 
cell, and blastocyst stages 
of preimplantation devel- 
opment in mouse shown 
by using immunofluores- 
cence staining of Eomes 
(red) and nuclei (blue). 
(A to C) Two-cell-stage 
embryos with nuclear and 
some cytoplasmic staining 
for Eomes. Scale bars, 25 
uM. (D to F) Four-cell- 
stage embryos showing 
nuclear localization of 
Eomes. (G to 1) Blastocyst 
showing nuclear localiza- 
tion of Eomes in the 
trophectoderm (Tr) as well 
as the ICM cells. (J to L) 
Blastocyst stained with- 
out the use of the primary 
antibody for Eomes. 


Blastocyst 4-cell 2-cell 


Control 


Fig. 4. The lagging two-cell-stage blastomere 
contributes to the formation of trophectoderm. 
In (A) to (D), (W), and (X), Cdx2 (green), nuclei 
(blue), and the merge (cyan) shows Cdx2-positive 
nuclei. Scale bars, 25 uM. (A to D) Localization 
of Cdx2 in the lagging blastomere and its 
progeny at the three-, four-, eight-cell, and 
blastocyst stages. (E to H) Trophectoderm lineage 
tracing from two-cell-stage embryos injected with 
TRD in the lagging blastomere (red indicates 
TRD). (I to L) ICM lineage tracing from two-cell 
stage embryos injected with TRD in the leading 
blastomere. (M to P) Development of a two-cell- 
stage embryo coinjected with TRD and siRNA for 
Cdx2 in the lagging blastomere (at 34 hours) to 
an abnormal blastocyst without cavity (at 86 
hours). (R to U) Development of a normal 
blastocyst from a two-cell-stage embryo coin- 
jected with TRD and Cdx2 RNAi into the leading 
blastomere. (Q and V) Normal blastocyst devel- 
opment after coinjection of negative control 
RNAi and TRD in the lagging and leading two- 
cell blastomeres, respectively. (W) Blastocyst 
showing retention of trophectoderm Cdx2 ex- 
pression after injection of negative control siRNA 
in the lagging two-cell blastomere. (X) Retention 
of trophectoderm Cdx2 expression in a blastocyst 
after injection of Cdx2 RNAi and TRD in the 
leading two-cell blastomere. 
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One possibility is that these images of zygotes 
represent protein either being sorted in some 
manner or in the process of degradation. 

At the three-cell stage, Cdx2 nuclear staining 
was confined to the largest of the three blasto- 
meres in 88% (53 of 60) of the embryos ex- 
amined (Fig. 1C). By the four-cell stage, two 
of the four blastomeres demonstrated nuclear 
staining (Figs. 1D and 2, M to O, and fig. S3). 
Therefore, it is the lagging blastomere of the 
two-cell embryo that expresses Cdx2 in its nu- 
cleus. In 47 of 49 embryos examined at the six- 
cell stage, two blastomeres showed positive 
Cdx2 nuclear staining, whereas the other four 
were negative (Fig. 1E). At the eight-cell stage, 
52 of 55 embryos exhibited four cells with and 
four cells without nuclear Cdx2 expression (Fig. 
2, P to R, and fig. S4). As expected (24), Cdx2 
at the late morula stage (~16 cells; n = 30) was 
nuclear and confined to exterior cells of the 
embryo (Fig. 2, S to U, and fig. S5). At blas- 
tocyst (n = 35), the protein was localized in nu- 
clei of the trophectoderm and absent from the 
ICM (Fig. 2, V to X). The asymmetrical staining 
pattern for Cdx2 shown in Figs. 1 and 2 has 
been confirmed with a second antibody from a 
different source. These results suggest that Cdx2 
expression patterns can be used to trace the troph- 
ectoderm lineage. 

To determine whether the late-dividing blas- 
tomere from two-cell embryos was the predom- 
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inant lineage precursor of trophectoderm, we 
injected neutral Texas red—conjugated dextran 
(TRD) (28), molecular weight of 40,000, ran- 
domly into blastomeres of two-cell embryos. A 
majority (37 of 40, 92%) of the embryos 
survived injection. About half (19 of 37) 
showed red fluorescence in the lagging blasto- 
mere at the three-cell stage (Fig. 3E) and 
progressed through the four-, eight-cell, and 
morula stages to the blastocyst (Fig. 3, F to H). 
All 19 blastocysts that formed showed red 
fluorescence in trophectoderm. The ICM was 


Fig. 5. Distribution of 
Cdx2 mRNA in oocytes 
and at various stages 
of mouse preimplanta- 
tion development. Cdx2 
mRNA localization, green; 
nuclear material, blue. 
Red arrows indicate PBs. 
White arrows illustrate 
the general location of 
the Cdx2 signal. Scale 
bars, 25 uM. (A to C) 
Cdx2 mRNA in _ unfer- 
tilized oocytes. (D to F) 
Typical zygote with Cdx2 
mRNA localized to one- 
half of the cell. (G to O) 
Typical embryos at the 
two-, four-, and eight-cell 
stages with prominent lo- 
calization of Cdx2 mRNA 
in only half of the blasto- 
meres. (P to R) Morula- 
stage embryo with Cdx2 
mRNA localized in the 
cytoplasm of its outer 
cells. (S to U) Blastocyst 
with Cdx2 mRNA localized 
to the trophectoderm. (a 
to g) Controls at all stages 
hybridized to sense probe. 
(V) RT-PCR analysis for 
Cdx2 mRNA in oocytes, 
zygotes, and individual 
two- and four-cell blasto- 
meres, RNA was extracted 
from single oocytes, sin- 
gle zygotes, and indi- 
vidual blastomeres from 
two-cell- and four-cell- 
stage embryos and ampli- 
fied as cDNA by RT-PCR. 
Lane 1, a single ovulated 
oocyte; lane 2, a single 
one-cell zygote; lane 3 (2- 
cell a), one blastomere 
from a two-cell-stage em- 
bryo; and lane 4 (2-cell b), 
the second blastomere 
from the same two-cell- 
stage embryo. Lanes 5 to 
8 (four-cell a to d), indi- 
vidual blastomeres from a 
single two-cell embryo. Lane 9, negative RT control. 
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Antisense 
Cdx2 


generally unlabeled except for the region 
adjoining the mural trophectoderm. To prove 
that injection of TRD had not caused this effect, 
we followed the development of embryos (n = 
10) in which the TRD-injected blastomere had 
divided first. All 10 such embryos progressed 
normally to blastocyst, and nine showed red 
fluorescence localized to the ICM (Fig. 3, I to 
L). Therefore, the lagging blastomere at the two- 
cell stage contributes mainly to trophectoderm, 
whereas the leading blastomere is the precursor 
of the ICM. These observations support the 
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previous conclusions of Piotrowska ef al. (17), 
except our data indicate that the progeny of the 
lagging blastomere contribute to the polar as 
well as the mural part of the trophectoderm. The 
reason for this discrepancy is not clear but could 
be due to the method used to mark the blasto- 
meres or, more likely, to mouse strain differences. 

Next, we determined whether silencing of 
Cdx2 in the lagging blastomere would disrupt 
blastocyst formation by injecting one of the two- 
cell-stage blastomeres with TRD along with a 
predesigned Cax2 small interfering RNA (siRNA) 
molecule. Most (54 of 62) of the embryos sur- 
vived the injection. At the three-cell stage, we 
separated the embryos according to whether the 
labeled blastomere had divided first (Fig. 4, R 
and S) or last (Fig. 4, M and N) and examined 
the two groups at the morula (72 hours of de- 
velopment) (Fig. 4, O and T) and blastocyst (86 
hours) stages of development (Fig. 4, P and U), 
as well as at several intermediary stages in a 
separate experiment (26) to track labeled cells. 
All of the embryos (24 of 24) in which the 
unlabeled blastomere had been the first to divide 
either became arrested at the morula stage or 
gave rise to abnormal structures with no ex- 
panded blastocoel cavity (Fig. 4P). In addition, 
the outer cells of these developmentally com- 
promised embryos failed to express either Cdx2 
itself or cytokeratin Endo-A (29) (fig. S6, I to 
L), both markers of trophectoderm. Oct4 was 
expressed in all but a few outer cells of these 
embryos that lacked apparent trophectoderm (fig. 
S6K). In the group of embryos where the RNA 
interference (RNAi) and TRD-injected blasto- 
mere had divided first, 93% (27 of 30) of the 
embryos developed into normal-appearing blas- 
tocysts (Fig. 4U) with label largely confined to 
the ICM. The expected pattern of Cdx2, cyto- 
keratin Endo-A, and Oct4 localization occurred 
in these blastocysts (Fig. 4X and fig. S6, B to E). 
Therefore, injection of RNAi targeted to Cax2 in 
the lagging blastomere leads to a failure of troph- 
ectoderm formation. 

We next examined the presence of Cdx2 
transcripts in oocytes, zygotes, and developing 
embryos by in situ hybridization. The results 
were surprising. Of 30 oocytes examined, 25 had 
Cdx2 mRNA concentrated in one-half of their 
cytoplasm (Fig. 5, A to C; for controls, Fig. 5a). 
In at least 21 of this group of 25 oocytes, the 
hybridization signal for Cadx2 mRNA was lo- 
cated on the side of the egg opposite the position 
of the first polar body, i.e., toward the vegetal 
pole (fig. S7). The remaining oocytes showed a 
less pronounced polarity (26). We also found that 
the expression of Cdx2 mRNA and its local- 
ization to one hemisphere of the oocyte in pre- 
ovulatory oocytes in metaphase II arrest was not 
evident at metaphase I (fig. S8). 

After fertilization, there was a reorientation 
of the Cdx2 mRNA relative to the position of the 
polar bodies from the vegetal pole toward the 
animal pole, so that Cadx2 transcripts became con- 
centrated to one side of the axis that bisects the 
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animal and vegetal poles. Presumably, this shift 
reflects the reorganization of cytoskeletal com- 
ponents after the egg is fertilized (30). As a 
consequence, Cdx2 mRNA and _ presumably 
other transcripts associated with components of 
the cytoskeleton (37) can then be distributed un- 
equally between the two blastomeres when the 
zygote divides. 

The asymmetry in Cdx2 mRNA distribution 
observed in oocytes persisted in embryo stages: 
one-cell (23 of 32), two-cell (25 of 33), four-cell 
(26 of 36), and eight-cell (30 of 38) (Fig. 5, D to 
O), although it remains unclear whether the 
transcripts are entirely of maternal origin or 
newly transcribed from the embryonic genome. 
In most instances, the asymmetry was remark- 
able, with half the blastomeres showing little 
evidence for the presence of Cadx2 transcripts. 
The relatively homogeneous distribution of 
Eomes mRNA in control oocytes and embryos 
indicated that the asymmetry of Cdx2 was not an 
artifact (fig. S9). At the blastocyst stage, Cdx2 
mRNA was confined to trophectoderm and 
absent from the ICM (21 of 28) (Fig. 5, S to 
U). The signal in blastocysts, although outside 
the nuclei, was generally highly concentrated. 
We have no explanation for this phenomenon, 
although it might relate to fixation or permeabil- 
ity artifacts. We confirmed the asymmetric 
distribution of Cdx2 transcripts in two- and 
four-cell embryos by performing reverse tran- 
scription polymerase chain reaction (RT-PCR) 
on RNA from individual blastomeres dissected 
from embryos (Fig. 5V) and likewise proved 


that Cdx2 mRNA was present in metaphase II 
oocytes. Together, these data show that the 
localization of Cdx2 mRNA in the oocyte ac- 
curately predicts the lineage of cells destined for 
trophectoderm. 

One puzzle is why Cdx2~/~ embryos have 
been reported to form temporary (24) or even 
complete (25) blastocoel cavities, whereas our 
studies indicate that knock-down of Cdx2 mRNA 
in the lagging blastomere of two-cell-stage em- 
bryos leads to complete trophectoderm failure. 
The most likely explanation is that sufficient ma- 
ternal oocyte Cdx2 mRNA persists in Cdx2~/— 
embryos to define the trophectoderm lineage but 
not to ensure its eventual ability to function. 

Our data are at odds with the mainstream 
view that blastomeres of two-, four- and eight- 
cell mouse embryos are essentially equivalent 
(14-16). Instead, they support the opposing view 
that individual blastomeres of early embryos can 
have dissimilar fates (/7—23). 
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X-ray Structure of a 


Self-Compartmentalizing 
Sulfur Cycle Metalloenzyme 


Tim Urich,* Claudio M. Gomes,” Arnulf Kletzin,?* Carlos Frazao7* 


Numerous microorganisms oxidize sulfur for energy conservation and contribute to the global 
biogeochemical sulfur cycle. We have determined the 1.7 angstrom-—resolution structure of the 
sulfur oxygenase reductase from the thermoacidophilic archaeon Acidianus ambivalens, which 
catalyzes an oxygen-dependent disproportionation of elemental sulfur. Twenty-four monomers form 
a large hollow sphere enclosing a positively charged nanocompartment. Apolar channels provide 
access for linear sulfur species. A cysteine persulfide and a low-potential mononuclear non-heme 
iron site ligated by a 2-His-1-carboxylate facial triad in a pocket of each subunit constitute the 
active sites, accessible from the inside of the sphere. The iron is likely the site of both sulfur 


oxidation and sulfur reduction. 


he microbial oxidation of reduced inor- 

ganic sulfur compounds and elemental 
sulfur to sulfate is one of the major re- 
actions in the global sulfur cycle (/, 2). These 
reactions provide the energy for the growth of 
many microorganisms that are essential in bio- 
technological processes, such as biomining of 
base and precious metal sulfide ores. Sulfur 
oxidation also plays an important role in the 
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formation of acid mine drainage, a process 
that causes serious environmental problems (3). 
In addition, sulfur is among the major energy 
sources in the light-independent ecosystems of 
hydrothermal vents, solfataras, and hot springs 
(4), where chemolithoautotrophic microorga- 
nisms constitute the basis of the food chains. 
Despite much research (/, 2, 5, 6), the only 
example of sulfur oxidation understood at a 
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molecular level is the oxidation of thiosulfate 
by the Sox complex, the prototype of sulfur 
compound-oxidizing enzymes isolated from 
the periplasm of mesophilic and neutrophilic 
bacteria. Here, both sulfur atoms of the sub- 
strate are oxidized to sulfate without formation 
of free intermediates and with c-type cyto- 
chromes as electron acceptors (5, 6). 

Much less is known about the oxidation of 
the virtually insoluble elemental sulfur (5 g/l 
H,O at 25°C) (7) and about sulfur-compound 
oxidation in acidophilic microorganisms, al- 
though these are the major players in bioleach- 
ing and acid mine drainage formation. Sulfur 
oxygenase reductases (SOR) are the best known 
examples of enzymes that oxidize elemental 
sulfur. They are different from other enzymes 
because they catalyze a distinctive oxygen- 
dependent sulfur disproportionation reaction 
with sulfite, thiosulfate, and hydrogen sulfide 
as products (Fig. 1C) (8, 9). External cofactors 
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or electron carriers are not required. The cyto- 
plasmic SOR has been isolated from three dif- 
ferent thermophilic and acidophilic Archaea 
(fig. S1A) and catalyzes the initial step in the 
sulfur oxidation pathway in these organisms 
(8-12). The Acidianus ambivalens SOR is a 
homomultimeric thermozyme with a tempera- 
ture range of 50°C to 108°C (8, 12). It contains 
a mononuclear non-heme iron site with a 
reduction potential unusually low for this type 
of iron center (268 mV) (/2). 

Here, we describe the x-ray structure of the 
recombinant A. ambivalens SOR and assign 
structural determinants for its reaction mecha- 


nism. We propose that a cysteine-bound oligo- 
meric sulfane sulfur chain is the substrate of 
disproportionation and oxygenation at the iron 
site and, further, that dissolved and linear sulfur 
species are the actual substrates and not the 
regular a-S, ring. 

The crystal structure of the recombinant 
SOR was determined by isomorphous replace- 
ment with anomalous scattering using crystals 
soaked with mercury and gold ions (/3) and 
refined against 1.7 A resolution native data 
(R/R,.6 = 18.3/21.0%) (table S1). The asym- 
metric unit contains six crystallographically 
independent SOR monomers. The holoenzyme 


C (1) Oxygenase 


(3) Sum 
(4) Non-enzymic 


S+ Oo + HzO 
(2) Disproportionation 3 S + 3 H2O 
4S +0.+4H,0—- 2 HSOg + 2 HS’ + 4 H* 
S +HSO, 


HSOz + Ht 
HSO, + 2 HS" +3 H* 


S20.” +H* 


Fig. 1. The SOR holoenzyme. (A) Cartoon representation viewed along the crystallographic four-fold 
axis; a helices are colored cyan, B sheets are purple, and Fe ions are shown as red spheres. Note the 
protrusions at four-fold pseudosymmetry axes. (B) Molecular accessible surface representation with 
monomers colored differently and viewed along a noncrystallographic two-fold axis. Each monomer has 
five neighbors. (C) The catalytic reaction is an oxygen-dependent sulfur disproportionation with a 1:1 
stoichiometry of oxidized and reduced products (Eq. 3) (8, 9). Formally, it can be split into a sulfur 
oxygenation and a sulfur disproportionation reaction (Eqs. 1 and 2). Thiosulfate is thought to result 


from a nonenzymic reaction (Eq. 4) under excess S°. 
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model (Fig. 1, A and B) was generated by ap- 
plying the crystallographic four-fold rotation 
operator of the space group 14. The SOR is a 
homo-oligomer composed of 24 subunits and 
forms a hollow sphere with pseudo-432 point- 
group symmetry and a calculated molecular mass 
of 871 kD (fig. S2, A and B, and movie S1) (74). 
The sphere has an external diameter of ~150 A 
and occupies a volume of 1333 nm? (inner 
cavity included). The dimensions of the SOR 
oligomer are consistent with the size of the 
particles previously observed in electron micro- 
graphs (8, /2), showing that it represents the 
biologically active molecule. Striking features 
of the oligomer’s outer surface are six chimney- 
like protrusions composed of four-helix bundles 
at the four-fold symmetry axes surrounded by 
ring-shaped grooves (Fig. 1A and fig. S2D). No 
continuous channel connects the interior with 
the surface, because small barriers occlude 
these “chimneys” (fig. S2, C and D). Solely 
hydrophobic residues (Phe and Val) contribute 
to the inner chimney surface (fig. SIA). The 
enclosed inner compartment has a starlike 
shape with dimensions of ~71 to 107 A anda 
volume of 347 nm? (fig. S2D and movie S1). 
Several small pockets at monomer interfaces 
and two wider pockets within each individual 
monomer are connected by narrow channels to 
the central compartment. Calculated electro- 
statics of the particle’s outer surface show a 
positive ring surrounding the neutral entrance 
of the chimneys (fig. S2C). The inner surface is 
dominated by positive charges, mainly due to 
the contribution of the Fe" ions (fig. S2D). The 
SOR’s overall architecture resembles that of 
ferritins, which are smaller proteins displaying 
an identical point-group symmetry and com- 
prising an inner cavity, which serves as an iron 
reservoir (/5). 

The monomers have a distorted triangular 
shape and are symmetrically distributed over the 
sphere, oriented tangential to the particle (Fig. 
1B). The formation of a spherical icosatetramer 


Fig. 2. The SOR monomer. (A) Cartoon representation showing second- 
ary structure elements (B, B sheets) colored from blue (N-terminal) to 
red (C-terminal); red sphere, Fe ion; gray, the monomer’s envelope; 
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dashed line, the B barrel’s two-fold pseudosymmetry axis approximately 
parallel to the paper plane. (B) Stereo view of the superposition of the 
two monomer halves, showing their high degree of structural similarity. 
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implies the formation of distinct intermediate 
assembly stages. We have postulated a homo- 
dimer as the basic building block of the holo- 
enzyme from biochemical data (/2). Analysis 
of the intersubunit contacts showed that two 
monomers share 16% of their total surface area, 
nearly twice as much as other monomer pairs 
(table S2). These monomers likely form the 
homodimeric building blocks (fig. S3A). 

The SOR monomer is an a protein, formed 
by an internal B barrel partially surrounded by a 
helices (Fig. 2A and fig. S3B). The B barrel is 
formed by eight antiparallel B strands showing 
remarkable pseudosymmetry of two sets of four 
strands each (residues 2 to 154 and 155 to 308, 
respectively) (fig. S1B), related by a two-fold 
rotation through the barrel axis (Fig. 2A). Each 
half is reminiscent of the ferredoxin (Baf), 
topology (fig. S3, C and D) (/6). The barrel 
differs from any of the three classical antipar- 
allel 6 barrels (77), but it was recently found in 
two monooxygenases (Protein Data Bank en- 
tries 1lq9 and 1sqe) (/8, 19) and in two proteins 
of unknown function (1t0t and lvdh) (20). 
Superimposing the two halves reveals a 70% 
overlap between C,,’s to a 1.75 A cutoff and a 
root mean square deviation of 1.6 A (Fig. 2B), 
despite low sequence similarity in the structure- 
guided alignment (fig. S1B). The presence of 
two similar domains in one protein was first 
described for bovine liver rhodanese (2/) and 
was later found in many protein structures (22), 
most of which show low sequence similarity 
between the domains. These likely result from a 
gene duplication and fusion event of an an- 
cestor protein. 

Three conserved cysteines (Cys31, Cys101, 
and Cys104 in A. ambivalens numbering) (fig. 
S1A) and a mononuclear nonheme iron site are 
important for catalysis (12, 23, 24). These com- 
ponents are located in close vicinity along a 
cavity within each monomer, constituting the 
enzyme’s catalytic pocket (Fig. 3B). The mini- 
mal Fe-Fe distances are ~37 A, which makes 
electronic interactions between single centers 
unlikely (movie S1), although possible cooper- 
ative effects cannot be excluded. The 24 
catalytic pockets are deeply buried in the in- 
terior of each subunit. They are accessible 
exclusively from the interior of the sphere by 
a narrow channel from the central compart- 
ment (Fig. 3B and fig. S4A). Two methionines, 
Met296 and Met297 (fig. S1A) are located at 
the entrance of the pockets. They show flexible 
side chains, as judged from their alternating 
conformations and atomic displacement param- 
eters, which might ease substrate access. 

Each mononuclear non-heme iron center is 
located at the distal end of the catalytic pocket. 
The iron is ligated to His86, His90, and Glul 14 
(bidentate) (Fig. 3A). Two solvent water mol- 
ecules, Watl and Wat2, complete a distorted 
octahedral coordination sphere (fig. S4B). The 
nature and spatial distribution of the protein 
ligands characterize them as a variation of the 
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Fig. 3. The catalytic pocket containing the conserved cysteines and the iron. (A) Stereo view of the 
mononuclear nonheme iron center with Fe ligands, electron density contoured at 1 o; purple 
sphere, Fe ion; red, waters; ball-and-stick, protein ligands. (B) Cavity surface representation of the 
catalytic pocket with Cys and Fe highlighted; gray arrow, cavity entrance. (C) Identification of an 
additional sulfur atom at Cys31. The position of the additional atom is indicated by the red mesh 
blob in a six-fold averaged difference Fourier (m|Fo| — D|Fc|) map contoured at 5 o. The sulfur 
nature of the additional atom was confirmed by the six-fold averaged anomalous difference map in 
yellow mesh, calculated using the iron «-edge data contoured at 3 o. 


2-His-1-carboxylate facial triad motif (25). The 
Fe ion is typically coordinated by two His and 
one Asp or Glu residue, constituting one face of 
an octahedron, with the opposite face of the 
coordination sphere free for the addition of 
exogenous ligands. Numerous metalloenzymes 
with nonrelated activities use this structural 
motif for iron binding and catalysis. Although 
the carboxylate ligand is monodentate in most 
cases, there are also examples for bidentate 
liganding (25-27). The protein ligands are con- 
served in all SOR sequences known to date 
(fig. SLA), as is the sequence motif H-x,-H-x,,-E. 
Functionally, the structural similarity of the 
metal center with 2-His-l-carboxylate facial 
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triad enzymes points to a mechanistic analogy, 
with the SOR iron center being the probable 
site for oxygen binding and activation. The low 
reduction potential, compared with other 2-His- 
1-carboxylate facial triad enzymes (25), may 
result from H-bonding around the Fe site. The 
presence of a strictly conserved acidic residue 
(Glu87) may also contribute to an increased 
stabilization, making Fe a weaker oxidant. 

We and others have shown by site-directed 
mutagenesis that only one of the three con- 
served cysteine residues is essential in catalysis 
(Cys31) (23, 24). All cysteines are located in 
the active site pocket at distances between 7.8 
and 12.4 A to the iron (Fig. 3B). Cys101 and 
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Fig. 4. Substrate access and essential residues for enzyme activity. (A and B) In silico modeling of 
a-S, sulfur and linear polysulfide, respectively, represented by Van der Waals spheres into the four- 
helix bundle chimneys, which lead to the interior of the sphere; gatekeeping residues in ball-and- 
stick representation. (C and D) a-S, sulfur and linear polysulfide modeled as putative substrates at 
the catalytic pocket, with Fe represented as a purple sphere and catalytic cysteines in ball-and-stick 
representation; inner surface of catalytic pocket in transparent color. (E) Effect of mutants on SOR 
activity (23). The core active site composed of the Fe site and the persulfide-modified Css31 is 
highlighted within ellipsoids. +, zero activity; |, reduced activity; ||, strongly reduced activity. 


Cys104 reside in the same helix (Fig. 4E), with 
their sulfur atoms 6.0 A apart, too distant to 
allow disulfide bridge formation even when 
assuming alternate side-chain conformations. 
Consequently, no second redox-active site is 
seen in the SOR, which could assist in per- 
forming the rather complex sulfur dispropor- 
tionation chemistry. The final difference Fourier 
maps consistently revealed an electron density 
blob at ~3 to 5 o at 2.2 A from Sy of the 
essential Cys31 in all six monomers of the 
asymmetric unit, indicating the presence of an 
additional atom (Fig. 3C). Averaged anomalous 
difference Fourier maps using the iron x-edge 
wavelength data also showed anomalous scatter- 
ing at that site, and Cys31 was refined as 
cysteine persulfide (Css). The terminal sulfane 
S; is oriented toward the iron site, at a distance 
of 8.9 A (Fig. 4E). Sulfane sulfur atoms are re- 
active labile species (28), which are generated 
in the catalytic cycles of various enzymes act- 
ing as sulfur transferases in the biosynthesis 
of sulfur-containing biomolecules (2/, 29), but 
also in enzymes of the sulfur cycle, such as the 
oxidative thiosulfate transferase from the Sox 
complex of bacteria (SoxAX) (30, 31) and the 
polysulfide-binding Sud protein from Wolinella 
succinogenes (32). The persulfurated cysteine is 
the covalent binding site of the substrate in all 
of these enzymes, indicating that this is also the 
function of Css31 in SOR, in accordance with 
mutagenesis studies (23, 24). 

The presence of the Css modification in the 
recombinant SOR crystal structure is remark- 
able, because the enzyme has not undergone 
catalytic turnover, and indicates that persulfura- 
tion is established before catalysis. There is 
accumulating evidence that Css are indeed cat- 
alytically active species and not intermediates. 
The recombinant SoxAX protein was described 
as persulfurated in the absence of its substrate 
thiosulfate (37). This was also observed in a 
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sulfur transferase from Azotobacter vinelandii 
(29). Formation and use of Css may thus be a 
widespread mechanism in inorganic sulfur 
biochemistry. 

To date, five other SOR proteins or genes 
are known showing 39% to 88% sequence 
identity with A. ambivalens SOR (fig. S1A), 
and they likely have a similar three-dimensional 
fold. Highly conserved regions can be identified 
when plotting the 77 amino acids onto the 
monomer structure, which are identical in the 
available sequences (25% of the A. ambivalens 
SOR) (fig. S3E). Notably, 19 out of 23 (83%) 
residues in an 8 A radius around the Fe ion are 
conserved in all SOR sequences, highlighting 
the functional relevance of the iron site and its 
primary and secondary ligand sphere. In ad- 
dition, 21 out of 38 residues (55%) lining the 
catalytic pocket are conserved, showing the 
conservation of functionally important residues 
during evolution and corroborating our identi- 
fication of the catalytic pocket. 

The architecture of the SOR suggests the 
enzyme’s mode of action. Because the 24 ac- 
tive sites are not directly accessible from the 
exterior, sulfur must enter the sphere before 
catalysis. Thus, the SOR creates a reaction 
chamber separated from the cytoplasmic envi- 
ronment. The six chimney-like protrusions are 
the likely entry routes. These are characterized 
by a hydrophobic, apolar inner surface (Fig. 4, 
A and B). Functionally, they can be interpreted 
as filters for the selection of the correct sub- 
strate. The substrate is then delivered to one of 
the 24 active sites. It has not been determined 
whether the substrate of the SOR is cyclic o-S, 
or a linear, more soluble sulfur species, such as a 
polysulfide. In silico modeling showed that o-S, 
is too bulky to travel across the accessing 
chimney-like pores or to cross the entrance to 
the active-site pocket without considerable struc- 
tural rearrangements, whereas linear polysul- 
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fides could more easily pass, which indicates 
that sulfur is linearized (Fig. 4, A to D, and 
movie 82). In addition, the positive charge of 
the inner surface might favor the negatively 
charged anions over the hydrophobic elemental 
sulfur. After entering the active-site pocket, the 
substrate is covalently bound to Css31, which is 
probably in the negatively charged persulfide 
state. Upon binding, the substrate gets aligned 
close to the Fe site (movie S2), which, in mech- 
anistic analogy to other 2-His-1-carboxylate 
facial triad enzymes, probably results in the 
displacement of one or both water ligands, lead- 
ing to a coordinatively unsaturated pentacoordi- 
nated Fe site that would be poised to bind 
dioxygen (25, 33). At that stage, the center is 
probably in the Fe! state, eventually by a one- 
electron transfer from the cysteine-bound poly- 
sulfide. This would also allow oxygen binding 
to give a peroxo species as the first intermedi- 
ate. Interestingly, the low reduction potential of 
the iron site (E,, = —268 mV) (/2) is in the 
range of the H,S/S° couple (EZ, = —270 mV) 
(34), suggesting that this is also the site of 
sulfur reduction. Because the two other cysteine 
residues are not essential for catalysis, as shown 
by site-directed mutagenesis (23), Css31 and 
the iron constitute the enzyme’s core active site 
(Fig. 4E). The fate of the reaction products and 
their pathway upon leaving the SOR sphere has 
not been resolved. 

The structural similarity between the SOR 
and ferritins and the presence of related active 
sites in which the confined substrates react with 
molecular oxygen suggest that these proteins 
are an example of structural and, to some extent, 
functional convergent evolution. In addition, our 
results show how prokaryotes circumvent the 
lack of compartmentation within their cytoplasm 
by generating proteinaceous nanocompartments 
through the oligomerization of proteins. 
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A Keystone Mutualism Drives Pattern 
in a Power Function 


John Vandermeer?’2* and Ivette Perfecto” 


Data that can be described by a power function are ubiquitous in nature. Although there is 
consensus that such data frequently emerge generally from nonlinear complex systems, a variety of 
specific mechanisms may be responsible for creating the pattern in particular cases. Here, we report 
on the distribution of a scale insect (Coccus viridis) that is a common agricultural pest. Its 
distribution in an organic coffee farm in southern Mexico generally follows a power function, 

but there are subtle deviations from that function. We offer a biological explanation for both 
adherence to the power functions and associated deviations, along with supporting evidence. 


he distribution of clusters of organisms, 
much like other patterns in nature (J, 2), 
is frequently characterized by a power 
function (3). For a variety of distinct dynam- 
ic scenarios, when cast in a spatial frame- 
work, biological interactions of several distinct 
types are capable of generating spatial pattern 
characterized by power law scaling (4). This 
pattern is usually interpreted as a signal of self- 
organization resulting from spatial extension. In 
most ecological examples, clusters are formed 
through various biological interactions manifest 
in a spatial context, such as local depletion of 
resources (5), local disturbance regimes (6) or 
predator-prey interactions (7). That clusters 
form in the first place is an interesting aspect 
of these theories, but the evidence that the 
distribution of individuals within those clusters 
approximates a power law is the most 
intriguing aspect of self-organization (2). Any 
spatial process that combines a local spread (for 
example, local production of a prey population) 
with a regional control (for example, a search- 
ing predator that ranges widely) will likely 
generate clusters (8). A similar mechanistic 
statement is more elusive for the power func- 
tion nature of those clusters. 
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For the green coffee scale (C. viridis), the 
formation of clusters is of little interest be- 
cause each “cluster” is a population of scale 
insects on a coffee bush. However, the ecol- 
ogy of this organism offers a potential expla- 
nation of both the evident power law and 
subtle deviations from it at high and low pop- 
ulation sizes. 

The green coffee scale is a common herbi- 
vore, frequently noted as a pest in greenhouses 
and a known pest of coffee (9, /0). Although 
normally maintained by natural enemies below 
critical damage thresholds, it can sometimes 
reach pest status (//). It is tended by a variety 
of ant species in a classic mutualistic form: 
The homopteron supplies honeydew to the 
ant, and the ant protects the homopteron from 
predators (12). Azteca instabilis, a mutualist of 
C. viridis in southern Mexico (/3), is a tree- 
nesting species that occurs in obvious spatial 
clusters (/4) in the shade trees of coffee farms. 
Those coffee bushes that are near a tree oc- 
cupied by A. instabilis are frequently sites of 
large concentrations of C. viridis. At least 
two species of encyrtid wasps are parasitoids 
on C. viridis and the coccinelid beetle Azya 
orbigera is a voracious predator. Direct ob- 
servations and experimental results indicate 
that the A. instabilis ants are efficient pro- 
tectors of the scale insects in the face of these 
natural enemies (/5), and casual observations 
leave little doubt that the ants collect honey- 
dew from the scales. 
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To investigate the spatial pattern of C. viridis, 
we set up a 45-ha plot on an organic coffee farm 
in southwestern Mexico (/6), identified each 
shade tree therein, and assessed whether or 
not it contained an A. instabilis colony (13). Of 
10,597 trees located, 276 contained A. instabilis 
colonies. We systematically chose five loca- 
tions surrounding such a colony and four loca- 
tions that were clearly outside of the influence 
of any such colony (/7). In each of the nine 
sites, we determined the scale abundance (/7) 
on approximately 50 to 100 coffee plants, for a 
total of 678 coffee plants surveyed. 

The frequency distribution of scale insect 
numbers per tree is shown in Fig. 1. A power 
function is clearly suggested by the approxi- 
mately linear nature of the points. However, 
subtle deviations from the power function at 
both high and low scale densities are also 
evident by casual observation. Because of the 
deviations at both high and low densities, we 
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Fig. 1. Log-log plot of population size versus 
frequency of size of cluster. The line is a re- 
gression based on the data points located be- 
tween 3.5 and 4.5 on the abscissa (17). Slope of 
power function is —2.72. 
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considered points in the intermediate range 
(between log category size 3.5 and 4.5) as a 
basis for casting a regression line (Fig. 1) (/7). 

Underlying biological processes may ac- 
count for both the power function and its 
deviation. Assume that each propagule of 
C. viridis encounters coffee bushes randomly. 
That propagule will begin population growth 
that is effectively exponential, at least for a 
time. Thus, if the exponential growth parameter 
is normally distributed, the limiting distribution 
of scales ought to be lognormal. Consequently, 
we expect a lognormal distribution as the neu- 
tral base, which translates directly into a power 
function. Although this is the expectation at the 
limit, the approach to that power law may be 
extremely slow, depending on the mean value 
of the intrinsic rate of natural increase and its 
variability. Moreover, the system 1s substantial- 
ly complicated by its existence in an extended 
space. When the exponential process, operative 
independently at the level of each individual 
coffee bush, is augmented by random additions 
of individuals resulting from the spatial exten- 
sion of the system, the approach to the power- 
law scaling may be significantly accelerated. 
The general pattern to be expected can be seen 
in a simple simulation (/8), as shown in Fig. 2. 
Notably, as the overall distribution approaches 
a lognormal (Fig. 2A), the power function 
emerges (Fig. 2B). Furthermore, it is the ap- 
parent disappearance of the effect of space (i.e., 
when the late arrivals of populations at bushes 
are swamped by the population growth on those 
bushes) that represents a critical state, that is, 
the state of the pure power function without the 
deviations (e.g., after eight iterations in Fig. 2). 
That is, once all or almost all bushes are oc- 
cupied by at least a single scale insect, the 
overall dynamics rapidly become dominated by 


Fig. 2. Results of simulations of A 
the simple exponential model 300 
coupled with random dispersal 
(18). (A) Frequency diagrams of 
the log of number of scales per 
bush for three different iterations. 
(B) Log-log plot of frequency 
versus category of number of 
scales per bush, showing how the 
system approaches a classical 
power function in time. 
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the distributed exponentials with the emerging 
power law. Before that time, many bushes will 
have zero or very low occupancies, which main- 
tains an extended tail on the lognormal distribu- 
tion. Thus, the point of “criticality” is when the 
random process thought to represent space in 
this model reaches the critical point of filling 
all coffee bushes with at least one scale insect. 
The general idea of criticality and the self- 
organization that goes along with it (3) is thus 
repeated in this system, although here we are 
dealing with a second order of critical state, 
which is to say, the disappearance of the space 
effects. 

Evidence that this dynamic is operative in 
the system under study is gained from an 
examination of the frequency distribution of 
the logs of scale numbers (Fig. 3) compared 
with the lognormal expected from the under- 
lying biology (local reproduction on a coffee 
bush), shown by an approximate normal curve 
superimposed on the data in Fig. 3. It is qual- 
itatively clear from Fig. 3 that there is a strong 
deviation from the lognormal at the low pop- 
ulation size category, much as observed in 
simulations before the moment of criticality 
(compare Fig. 3 with Fig. 2A). We thus con- 
clude that the system is near its critical point, in 
which the random allocation of scales to bushes 
is almost complete. 

However, there is also a less obvious, but 
equally important deviation from the lognormal 
distribution at the high end of the spectrum. 
This is the same deviation that can be seen in 
the log-log graph presented in Fig. 1. We 
hypothesize that this high cluster deviation is 
a consequence of the key mutualism operative 
in the system. When the coffee bush is near to 
an ant colony, the inherent limitation on the 
population, probably due to predation and 
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parasitism, is reduced, and the local population 
is released to reach much higher values. 

Support for this hypothesis is strong if 
we eliminate those sampling sites in which an 
A. instabilis colony is resident. Plotting only the 
antless sites from Fig. 1, we obtain the points 
displayed as solid circles in Fig. 4, which is 
evidently a linear function with no obvious 
deviation at high cluster sizes. We take this 
power law to be the underlying power law that 
derives from independent populations growing 
exponentially and randomly dispersing in space. 
The key mutualism acts to generate a deviation 
at high cluster sizes from the basic pattern, given 
by the dotted line in Fig. 4 (with the same slope 
as the ant-free distribution but with a higher y 
intercept corresponding to the higher numbers 
of total scales in the pooled samples). 

In sum, the basic power law that C. viridis 
seems to follow is a product of independent 
populations growing exponentially, giving rise 
to a basically lognormal distribution, but or- 
ganized in space such that extremely small 
populations are common as a consequence of a 
time delay in the dispersal of individuals to new 
bushes. The large-cluster deviation from this 
basic law is caused by the key mutualism 
between C. viridis and A. instabilis. Thus, both 
the power law and the key deviation from the 
power law are understandable in terms of sim- 
ple biological processes. 

Interpretation of the power law in this 
particular case is of interest in its own right 
and represents one of the few cases where it is 
easy to recognize biological phenomena that 
can account for the pattern. However, the result 
may also have practical applications. In the 
case of a potential pest species, it is always 
necessary to be able to project the population 
into the future to determine when control ac- 
tivities may be necessary [the so-called action 
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Fig. 3. Frequency diagram of the natural logs 
of population densities per coffee bush with an 
approximate normal distribution imposed. The 
obvious deviation at low cluster sizes is similar 
to that observed in the simulations (Fig. 2A). 
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Fig. 4. Log-log plot of population size versus 
frequency of population sizes for sites away 
from the influence of an A. instabilis colony 
(solid circles), and all data (small open circles 
repeat the data of Fig. 1). Slope is —2.48, fitted 
to the points located between 3.5 and 4.5 on the 
abscissa (27). The evident deviations from the 
power function at high population densities (small 
open circles) are not present in this data sample. 


threshold (/9)]. In a spatial context, if all 
bushes are occupied by scales and density 
dependence can be ignored, projecting the 


overall population into the future is a simple 
matter of applying an exponential function to the 
total scale abundance. However, if that critical 
point where all bushes are occupied has not 
been reached, applying the simple exponential 
law will necessarily underestimate future pop- 
ulation sizes, because the actual spatial dy- 
namic will include newly occupied bushes in 
the future. Consequently, determining wheth- 
er the system is at its critical value, at which 
point the application of the simple exponen- 
tial would indeed be appropriate, has obvious 
practical importance. Thus, the degree to 
which spatial data adhere to a power function 
can be taken as an indication of the legitimacy 
of applying an exponential rule to population 
projections. 
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Nuclear Receptor Rev-erba Is a 
Critical Lithium-Sensitive Component 
of the Circadian Clock 


Lei Yin,’ Jing Wang,’ Peter S. Klein,” Mitchell A. Lazar?* 


Lithium is commonly used to treat bipolar disorder, which is associated with altered circadian 
rhythm. Lithium is a potent inhibitor of glycogen synthase kinase 3 (GSK3), which regulates 
circadian rhythm in several organisms. In experiments with cultured cells, we show here that 
GSK3B phosphorylates and stabilizes the orphan nuclear receptor Rev-erba, a negative component 
of the circadian clock. Lithium treatment of cells leads to rapid proteasomal degradation of 
Rev-erba and activation of clock gene Bmal1. A form of Rev-erba that is insensitive to lithium 
interferes with the expression of circadian genes. Control of Rev-erba protein stability is 

thus a critical component of the peripheral clock and a biological target of lithium therapy. 


enetic and biochemical analysis re- 
veals that a 24-hour circadian rhythm is 
present throughout the animal kingdom 
(J-3). In mammals, circadian rhythm is a fun- 
damental regulatory factor for many aspects 
of behavior and physiology, including sleep- 
wake cycles, blood pressure, body temperature, 
and metabolism (/—3). Disruption in circadian 
rhythms leads to increased incidence of many 
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diseases, such as cancer and mental illness (/, 3). 
Bipolar disorder in particular is associated with 
disturbed circadian rhythm (4). 

Cells throughout the body also display 24- 
hour rhythms (3,5). These are entrained by 
signals from a central clock located in the su- 
prachiasmatic nucleus (SCN) of the hypothal- 
amus, which is reset daily by light (3). Cellular 
rhythms are generated and maintained through 
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interconnected transcriptional feedback of clock 
genes (3, 6). The cycle starts when two bHLH- 
PAS domain proteins, BMAL1 and CLOCK, 
heterodimerize to activate a number of clock 
genes including Per/, Per2, Cry1, and Cry2. As 
a negative feedback loop, PER and CRY 
accumulate in the cytosol and then translocate 
into the nucleus. Once inside the nucleus, the 
PER-CRY complex inhibits its own transcrip- 
tion by binding to BMAL-CLOCK (3, 6-8). An 
additional negative feedback loop requires the 
transcription repression function of the or- 
phan nuclear receptor Rev-erba, which re- 
presses the transcription of Bmal/ during 
circadian night and is responsible for rhythmic 
expression of the Bmal/ gene (9-11). Rev-erba 
itself is activated by BMALI-CLOCK and 
thereby represents the link between the positive 
and negative loops of the circadian clock (9). 
Posttranslational modifications also play an 
essential role in resetting the clock (2, 3, 12). 
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Phosphorylation of PER by casein kinase Ie 
leads to its ubiquitination and proteasomal 
degradation and, therefore, controls the period 
length in mammals as well as Drosophila (13). 
Mutation in Shaggy, the Drosophila homolog 
of glycogen synthase kinase 3B (GSK38), 
lengthens the circadian period (/2, /4), similar 
to the mammalian effects of lithium (/5, 16), a 
potent and selective GSK3 inhibitor (/7). We 
observed that the amino terminus of Rev-erba 
is serine-rich, with several potential GSK3B 
phosphorylation sites (fig. S1A). Remarkably, 
in human 293T embryonic kidney cells, re- 
duced expression of GSK3B by small inter- 
fering RNA (siRNA) led to a near complete 
loss of endogenous Rev-erbo, protein (Fig. 1A), 
as well as ectopically expressed Flag epitope— 
tagged Rev-erbo (fig. S2). This effect was 
posttranscriptional, as Rev-erbo mRNA was 
increased dramatically by loss of GSKB (Fig. 
1B), consistent with the known function of 
Rev-erba protein to repress its own gene ex- 
pression (/8). Bmall, the key circadian target of 
Rev-erba, was also markedly induced in cells 
lacking GSK3B (Fig. 1B). A similar reduction 
in Rev-erbo protein was observed when a 
dominant-negative form of GSK3 was intro- 
duced into HepG2 cells by adenovirus-mediated 
delivery (fig. S3). These results suggest that 
GSK38 activity is required for stabilization of 
Rev-erba protein. 

Next, we asked whether modulating GSK3B 
activity influences Rev-erbo—mediated clock 
gene regulation. GSK38 is a constitutively active 
kinase that is inhibited by phosphorylation on 
serine 9 by multiple signaling pathways (/9). 
We found that serum shock, which synchro- 
nizes circadian oscillations in cultured NIH3T3 
mouse fibroblasts (5, 20), led to the immediate 
and robust phosphorylation of GSK3B at serine 
9 (Fig. 1C). Remarkably, the level of Rev-erba 
protein plummeted during this time and re- 
covered when the cells were returned to serum- 
free medium and GSK3f phosphorylation 
abated. The changes in the cellular Rev-erba 
protein were reflected by the cyclic occupancy 
of the Bmall gene promoter by the nuclear 
repressor corepressor (N-CoR) that is recruited 
by Rev-erbo (Fig. 1D), accompanied by tran- 
sient induction of BmalJ and Rev-erba mRNAs 
(Fig. 1E). 

GSK38 is also inhibited by lithium (/7). 
Treatment of 293T cells with 20 mM LiCl dra- 
matically down-regulated ectopically expressed 
Flag epitope-tagged Rev-erba without reducing 
the mRNA level (Fig. 2A; fig. S4). By contrast, 
endogenous B-catenin was stabilized by LiCl as 
expected (2/1). The destabilizing effect of 
lithium on Rev-erba was prevented by treat- 
ment of the cells with MG132, an inhibitor of 
the 26S proteasome (Fig. 2A). Inhibition of 
proteasome activity also prevented loss of Rev- 
erbo. due to siRNA inhibition of GSK38 (fig. 
S2A). Furthermore, we detected polyubiquitina- 
tion of Flag—Rev-erbo (Fig. 2B), indicating that 
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Fig. 1. GSK3B regulates 
* Rev-erba. protein amount 
and function. (A) Immu- 
noblots of extracts from 
e human 293T cells trans- 
fected with siRNA vector 
for either B-galactosidase 
(B-gal) control or human 
GSK3B. Glyceraldehyde-3- 
phosphate dehydrogenase 
(GAPDH) served as loading 
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shock (exposed to medi- 
um containing 50% horse 
serum at time 0 then 


switched to medium containing 0.5% bovine serum 2 hours later). (D) Chromatin immunoprecipitation 
(ChIP) for Rev-erbo. and the corepressors N-CoR/SMRT at the mouse Bmal1 promoter in serum-shocked 
NIH3T3 cells. Rabbit IgG was used as nonspecific control. (E) Effect of serum shock on Bmal1 and Rev- 


erba. mRNA in NIH3T3 cells. 
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Fig. 2. Lithium reduces Rev-erba protein 
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(F) Effect of LiCl (1 mM, 72 hours) on Bmal1 gene expression in 293T cells. For RNA analyses, shown 
are the mean + SD of three experiments. *P < 0.05 versus control treatment. 


inhibition of GSK38 targets Rev-erba for degra- 
dation by the ubiquitin-dependent proteasome 
pathway. Lithium treatment also reduced the 
association of Rev-erbo. and the corepressor 
complex with the Bmall promoter, while in- 
creasing histone acetylation (Fig. 2C) and gene 
expression (Fig. 2D). 
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Although we have used lithium at a concen- 
tration of 20 mM to maximally inhibit GSK38, 
chronic lithium therapy for patients with bipolar 
disorder aims for a serum concentration of ~1 
mM (22). We therefore treated 293T cells with 
1 mM LiCl for 72 hours and observed a marked 
reduction of Rev-erba protein (Fig. 2E) and 
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Rev-erba, and treated with or without 
LiCl (20 mM) and MG132 (1M). (C) In 


vitro phosphorylation of Rev-erbo. by GSK3B. HeLa cells were stably transfected with expression vector for WT or 55/59SD Flag-tagged Rev-erba.. Flag-tagged 
Rev-erba. protein was immunoprecipitated and incubated with [y-32P]ATP (adenosine triphosphate) and recombinant GSK3B as in the SOM. Proteins were 
resolved on 12% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gel and analyzed by autoradiography (top) and immunoblot (bottom). 


Fig. 4. Control of circadian gene A 
expression by regulation of Rev-erbo 
protein stability. NIH3T3 cells stably ex- 
pressing GFP, WT, or 55/59SD Rev-erba 
were established. (A) Induction of mouse 
Bmali1 gene expression in cells exposed 
to 50% horse serum for 2 hours. (B) 
Bmali gene expression in cells exposed 
to 20 mM LiCl for 16 hours. (C) Bmal1 
gene expression in cells exposed to 50% 
horse serum for 2 hours, then switched 
to 0.5% horse serum for 72 hours. 
Shown are the mean + SD of three 
experiments. *P < 0.05 versus control 
treatment. 


Cc 


Bmal1 mRNA 


induction of Bmall gene expression (Fig. 2F). 
Thus, degradation of Rev-erba occurs at a 
clinically relevant concentration of lithium. 

Within the Rev-erba N terminus, serine 55 
and serine 59 are located in a GSK3B consensus 
site that is identical in human, mouse, and rat (fig. 
S1B). Mutation of both amino acids to negatively 
charged aspartate (S55D/S59D, here shortened to 
55/59SD) stabilized the protein (fig. S5). The 
55/59SD mutant had a longer half-life and was 
resistant to lithium-induced degradation (Fig. 3, 
A and B). An in vitro kinase assay comparing 
the wild type (WT) and the 55/59SD mutant as 
substrate for GSK3B confirmed that these two 
serine residues were required for phosphoryl- 
ation of Rev-erba. by GSK38 (Fig. 3C). 

We hypothesized that early inactivation of 
GSK3, causing Rev-erba degradation and 
leading to Bmal/ induction, is a critical step for 
synchronization of rhythmic expression of clock 
genes in NIH3T3 cells. To test this, we es- 
tablished stable NIH3T3 cell lines expressing 
green fluorescent protein (GFP, control), WT 
Rev-erba, or 55/59SD Rev-erba. Bmall was 
induced by serum shock in GFP and WT cells, 
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but not in cells expressing the 55/59SD form of 
Rev-erba (Fig. 4A). Moreover, Bmall induc- 
tion by lithium treatment was also absent in 
cells expressing the 55/59SD mutant (Fig. 4B). 
Lithium treatment also caused a significant 
change in the expression pattern of the clock 
gene Per2 and the circadian output gene Dbp 
(23) in GFP and WT Rey-erbo-expressing 
cells, but not in cells expressing the Rev-erba 
55/59SD mutant (fig. S6). 

We performed further analysis to determine 
whether Rev-erba degradation is required for the 
generation and maintenance of oscillatory gene 
expression over several circadian cycles. Remark- 
ably, expression of the degradation-resistant 
55/59SD form, but not WT Rev-erba, severely 
dampened the oscillatory expression of Bmall 
over three circadian cycles following serum 
shock (Fig. 4C). Thus, GSK38-dependent reg- 
ulation of Rev-erba is important for synchro- 
nizing and maintaining the peripheral clock. 

The GSK3B homolog Shaggy regulates the 
length of the circadian period in Drosophila 
(7/4), and mammalian GSK3B enzymatic activ- 
ity oscillates with a 24-hour period both in SCN 
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and liver (16, 24). Moreover, a recent report 
identified a single nucleotide polymorphism 
within the GSK3B promoter that is associated 
with age at onset in bipolar depression (25). 
Circadian targets of GSK3B are beginning to be 
elucidated, with a recent study showing that 
GSK38 affects nuclear entry of mPER2 (/6). 
Our results demonstrate that GSK3B-dependent 
stabilization of Rev-erbo maintains Bmall in a 
repressed state and, more importantly, we have 
shown that the inability to degrade Rev-erba is 
sufficient to prevent the onset of circadian gene 
oscillation. One or more components in serum 
that mimic external endocrine and/or neural 
cues induce phosphorylation and inactivation of 
GSK3£, resulting in the degradation of Rev- 
erbo and initiating the cycle of gene expression 
(fig. S7). 

Lithium influences the circadian clock in 
humans, and circadian rhythms are altered in 
patients with bipolar disorder for which lithium 
is acommon therapy (26). Here, we have shown 
that degradation of Rev-erba is a critical target 
for lithium regulation of circadian gene expres- 
sion. Intriguingly, histone deacetylase activity 
of the N-CoR/HDAC3 (histone deacetylase 3) 
corepressor is inhibited by valproic acid (27, 28), 
another mood stabilizer that modulates circadi- 
an rhythm (29), which suggests that this therapy 
may also target repression of clock genes by 
Rev-erba. Given the toxicity of existing ther- 
apies, we suggest that novel approaches target- 
ing Rev-erba degradation may have potential in 
the treatment of bipolar and circadian disorders. 
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On Making the Right Choice: The 
Deliberation-Without-Attention Effect 


Ap Dijksterhuis,* Maarten W. Bos, Loran F. Nordgren, Rick B. van Baaren 


Contrary to conventional wisdom, it is not always advantageous to engage in thorough conscious 
deliberation before choosing. On the basis of recent insights into the characteristics of conscious 
and unconscious thought, we tested the hypothesis that simple choices (such as between different 
towels or different sets of oven mitts) indeed produce better results after conscious thought, but 

that choices in complex matters (such as between different houses or different cars) should be left 
to unconscious thought. Named the “deliberation-without-attention” hypothesis, it was confirmed 
in four studies on consumer choice, both in the laboratory as well as among actual shoppers, that 
purchases of complex products were viewed more favorably when decisions had been made in the 


absence of attentive deliberation. 


ommon knowledge holds that thor- 
( ough conscious thought leads to good 

decisions and satisfactory choices. 
Whether purchasing a new car, a desktop com- 
puter, or a pair of shoes, people generally 
believe that serious conscious deliberation in- 
creases the probability that they will make the 
“right” choice. This idea applies especially to 
choices between products that are complex, 
multifaceted, and expensive. Whereas most 
people are willing to buy a new set of towels 
without much thought, they are unlikely to buy 
a new car or outfit a new kitchen without 
deliberation. 

A second pervasive idea is that the quality 
of a choice benefits from “sleeping on it.” 
Rather than (or in addition to) thinking con- 
sciously, people usually feel that “unconscious 
thought” is useful for making sound decisions. 
Whereas conscious thought refers to thought or 
deliberation while conscious attention is di- 
rected at the problem at hand, unconscious 
thought can be defined as thought or delibera- 
tion in the absence of conscious attention di- 
rected at the problem (/). An example of 
unconscious thought is the following: One 
compares two holiday destinations (say the 
Costa Brava and Tuscany) and does not know 
what to decide. One puts the problem aside and 
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after 48 hours of not thinking about it con- 
sciously, suddenly the thought “It’s going to be 
Tuscany!” pops into consciousness. This thought 
itself is conscious, but the transition from 
indecision to a preference 2 days later is the 
result of unconscious thought, or of deliberation 
without attention. 

The scientific literature has emphasized the 
benefits of conscious deliberation in decision 
making for hundreds of years (2, 3). The idea 
that conscious deliberation is the ideal (if not 
always attainable) way to approach a decision 
forms the backbone of classic (4, 5) as well as 
contemporary perspectives on decision making 
(6, 7) and attitude formation (8, 9). In contrast, 
the notion that unconscious thought is fruitful 


4 aspects 12 aspects 


C—1 Conscious GB Unconscious 


Fig. 1. Percentage of participants who chose the 
most desirable car as a function of complexity of 
decision and of mode of thought (n = 18 to 22 in 
each condition). Error bars represent the stan- 
dard error. 
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hardly developed beyond the status of “folk 
wisdom.” It has been postulated or investigated 
by scientists infrequently [but see (/0-/3)]. The 
question addressed here is whether this view is 
justified. We hypothesize that it is not. 

First, conscious thought does not always 
lead to sound choices. For example, participants 
who chose their favorite poster among a set of 
five after thorough contemplation showed less 
postchoice satisfaction than participants who 
only looked at them briefly (/4, 15). Further- 
more, conscious deliberation can make multiple 
evaluations of the same object less consistent 
over time (/6). Two reasons why conscious 
deliberation sometimes leads to poor judgments 
have been identified. First, consciousness has 
a low capacity (17, 18), causing choosers to take 
into account only a subset of the relevant 
information when they decide (/3, 19). Second, 
conscious thought can lead to suboptimal weight- 
ing of the importance of attributes (/3—/6): 
We tend to inflate the importance of some at- 
tributes at the expense of others, leading to 
worse choices. 

Conversely, unconscious thought, or thought 
without attention, can lead to good choices 
(13, 14). In a recent experiment, participants 
read information about four apartments of dif- 
ferent desirability (20). They were either asked 
to choose their favorite immediately, or given 
the opportunity to choose after a period of 
conscious thought, or distracted for some time 


nN 
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C1 Conscious GB Unconscious 


Fig. 2. Difference in attitude (on a scale of -25 to 
+25) toward the desirable and undesirable car as a 
function of complexity of decision and of mode of 
thought (n = 12 to 14 in each condition). Error 
bars represent the standard error. 
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before they chose. In the third of these con- 
ditions, participants could only engage in 
unconscious deliberation: They knew they 
would have to choose later, but the distraction 
task prevented them from devoting conscious 
attention to the choice. Interestingly, un- 
conscious thinkers made better decisions than 
conscious thinkers or than immediate choosers 
(73, 14). 

Recently, we formulated the Unconscious 
Thought Theory (UTT) (2/) about the strengths 
and weaknesses of conscious thought and un- 
conscious thought, that is, of deliberation with 
and without attention. Two characteristics of 
conscious and unconscious thought are impor- 
tant in the current context. First, conscious 
thought is rule-based and very precise (22, 23). 
Unconscious thought can conform to rules in 
that it detects recurring patterns, as the literature 
on implicit learning shows (24). However, in 
order to actively follow strict rules, conscious 
attention is necessary. For example, one cannot 
do arithmetic without conscious attention. This 
capacity to follow rules makes conscious thought 
more precise in decision making, because it 
can strictly follow self-generated rules such as 
not exceeding a maximum price. Second, as 
alluded to earlier, conscious thought suffers 
from the low capacity of consciousness, mak- 
ing it less suitable for very complex issues. 
Unconscious thought does not suffer from low 
capacity. Indeed, it has been shown that during 
unconscious thought, large amounts of infor- 
mation can be integrated into an evaluative 
summary judgment (/3). 

These characteristics of conscious and un- 
conscious thought led us to postulate the 
“deliberation-without-attention” hypothesis, on 
the relation between mode of thought or 
deliberation (conscious versus unconscious) 
and the complexity and quality of choice. 
Complexity is defined as the amount of in- 
formation a choice involves. A choice between 
objects for which one or two attributes are 
important (such as oven mitts or toothpaste) is 
simple, whereas a choice between objects for 
which many attributes are important (cars or 


Fig. 3. The relation between mode of 7” 
thought and postchoice satisfaction 

(on a scale of 1 to 7) for the six 

products most frequently chosen in 

study 3. Higher bars indicate more 
satisfaction. The more complex the 
product (on a scale of 1 to 5), the fur- 
ther to the right it is shown. The 
complexity score is given in parenthe- 
ses. Participants were divided into 
conscious and unconscious thinkers 
on the basis of a median-split for 
each product individually. Each bar 
represents between two and five 4 


participants. (1.90) 
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houses) is complex. Conscious thought is hy- 
pothesized, due to its precision, to lead to good 
choices in simple matters. However, because of 
its low capacity, conscious thought leads to 
progressively worse choices with more com- 
plex issues. Unconscious thought (i.e., deliber- 
ation without attention) is expected, because of 
its relative lack of precision, to lead to choices 
of lower quality. However, the quality of choice 
does not deteriorate with increased complexity, 
allowing unconscious thought to lead to better 
choices than conscious thought under com- 
plex circumstances, this latter idea being the 
kernel of the deliberation-without-attention 
hypothesis. Quality of choice was operation- 
alized both normatively (studies 1 and 2) as 
well as subjectively (as postchoice satisfaction, 
in studies 3 and 4). 

Study 1. Participants were subjected to a 2 
(mode of thought: conscious versus uncon- 
scious) x 2 (complexity of choice problem: sim- 
ple versus complex) factorial design (25). All 
participants read information about four hypo- 
thetical cars. Depending on the condition, each 
car was characterized by 4 attributes (simple) or 
by 12 attributes (complex). The attributes were 
either positive or negative. One car was char- 
acterized by 75% positive attributes, two by 
50% positive attributes, and one by 25% posi- 
tive attributes (supporting online text). After 
reading the information about the four cars, 
participants were assigned either to a conscious 
thought condition or to an unconscious thought 
condition. In the conscious thought condition, 
participants were asked to think about the cars 
for 4 min before they chose their favorite car. 
In the unconscious thought condition, partic- 
ipants were distracted for 4 min (they solved 
anagrams) and were told that after the period of 
distraction they would be asked to choose the 
best car. 

The percentages of participants who chose 
the best car are shown in Fig. 1. The crucial two- 
way interaction supporting the deliberation- 
without-attention hypothesis was significant 
[F(1,76) = 4.85, P < 0.04]. Unconscious think- 
ers fared relatively well and showed no differ- 


co Shoes Plane ticket Camera Room 
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ences between conditions (F< 1, not significant). 
Conscious thinkers generally made the proper 
choice under simple conditions, but performed 
poorly under complex circumstances [F(1,40) = 
4.95, P < 0.04]. 

Study 2. For the second study we made one 
change (25). Rather than asking for a choice, 
we asked participants about their attitudes 
toward each of the four cars. As the dependent 
variable, we used the difference in attitude 
toward the best car and the worst car. Again, 
conscious thinkers were better able to differen- 
tiate the quality of the cars under simple 
conditions, whereas unconscious thinkers were 
better able to differentiate the quality of the cars 
under complex conditions [F(1,47) = 5.63, P < 
0.03]. The means are shown in Fig. 2. 

Study 3. In a pilot study, undergraduate 
students were asked how many aspects of a 
product they would take into account in the 
purchase of 40 different products. In this way, 
we obtained an average “complexity score” 
for 40 different products (supporting online 
text). 

For the actual study, other students were 
presented with this list of 40 products. From the 
list, they were asked to choose a product that 
they had recently purchased and were asked the 
following questions: Which product did you 
purchase? Did you know the product before 
you went on the shopping trip? How much did 
you think about the product between seeing it 
for the first time and buying it? How satisfied 
are you with the product? 

To test our hypothesis, we distinguished 
participants who thought (either consciously or 
unconsciously) about their purchase from im- 
pulse buyers who did not think much at all. 
Hence, participants who indicated that they 
bought a product they had never come across 
before the shopping trip were not included, 
leaving only participants who knew the product 
beforehand (n = 49). 

It is impossible to know whether people are 
engaged in unconscious thought by asking 
them, so strictly speaking, we can only test 
the relationship between conscious thought, 


IKEA Bijenkorf 
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Fig. 4. Postchoice satisfaction of IKEA (n = 27) 
and Bijenkorf (n = 27) shoppers as a function 
of mode of thought. Error bars represent the 
standard error. 
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complexity, and quality. However, it follows 
from our definition of conscious and uncon- 
scious thought (according to which attention 
to the problem at hand is the crucial distin- 
guishing factor) that they are at least partly 
dependent. At any one point in time, attention 
is either directed at the decision under con- 
sideration, or it is not; that is, at any partic- 
ular point in time, either you are attending to 
buying a car, or you are not. The more you 
think about a decision consciously (that is, 
with attention), the less time remains to think 
about the same decision unconsciously (that 
is, without attention). 

We regressed the amount of thought and the 
average number of aspects on postchoice satis- 
faction. As expected, thinking does not make 
people more satisfied, nor does complexity 
(ts < 1). However, the interaction of the two 
parameters significantly predicted postchoice 
satisfaction [4(48) = 2.13, P < 0.04]. Correla- 
tions were calculated between amount of 
thought and postchoice satisfaction for three 
categories of products: complex, medium, and 
simple. For products of medium complexity, no 
correlation was found [7(18) = -0.03]; for 
simple products, a positive correlation was 
found [7(15) = 0.57, P < 0.03]; and for complex 
products, a negative correlation was found 
[r(16) = -0.56, P < 0.03]. As expected, the 
more people thought consciously about simple 
products, the more satisfied they were with 
their purchase. Conversely, the more people 
thought consciously about complex products, 
the less satisfied they were with their purchase. 
Figure 3 depicts satisfaction as a function of 
mode of thought for the six most frequently 
chosen products (26). 

Study 4. On the basis of the pilot study to 
study 3, two shops were selected: one where 
people generally buy complex products (IKEA, 
which sells mainly furniture) and one where 
people generally buy simple products (Bijenkorf, 
a department store like Macy’s that sells 
clothes, clothing accessories, and kitchen ac- 
cessories). At the exit, shoppers were asked the 
following questions: What did you buy? How 
expensive was it? Did you know the product 
before you went on the shopping trip? and 
How much did you think about the product 
between seeing it for the first time and buying 
it? A few weeks later, the shoppers were asked 
(over the phone) how satisfied they were with 
their purchases. As in study 3, participants who 
indicated that they bought a product they had 
never come across before the shopping trip 
were not included. 

We divided participants (“thinkers”) on the 
basis of a median-split procedure into those 
who engaged in much conscious thought 
(conscious thinkers) and those who engaged 
in little conscious thought (unconscious think- 
ers). As expected, conscious thinkers reported 
more postchoice satisfaction than uncon- 
scious thinkers for Bijenkorf products (simple 
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products) [F(1,25) = 6.52, P < 0.02]. The oppo- 
site was true for the IKEA customers (complex 
products), in which case unconscious thinkers 
showed more postchoice satisfaction than con- 
scious thinkers [F(1,25) = 6.12, P < 0.02] 
(Fig. 4). 

In sum, in four studies we demonstrated the 
deliberation-without-attention effect. Conscious 
thinkers were better able to make the best 
choice among simple products, whereas un- 
conscious thinkers were better able to make the 
best choice among complex products. Among 
people who knew the product they purchased 
before they went on a shopping trip, the amount 
of conscious thought was positively related to 
postchoice satisfaction for simple products and 
negatively related to postchoice satisfaction for 
complex products. 

Our aim was to test the “deliberation- 
without-attention” hypothesis both in the labo- 
ratory and among shoppers. In that sense, it is 
important to view our set of studies as a whole 
rather than as a series of individual studies. 
Study 4 has unavoidable disadvantages such as 
that the IKEA and Bijenkorf samples may have 
differed (after all, different shops attract a 
different clientele), which naturally opens the 
potential for alternative explanations. There- 
fore, study 3 was done in order to “bridge” the 
laboratory studies with study 4. It has many of 
the assets of study 4 (real choices between real 
products with satisfaction as the dependent 
variable), except that all participants were 
students. 

Although we investigated choices among 
consumer products in our studies, there is no a 
priori reason to assume that the deliberation- 
without-attention effect does not generalize to 
other types of choices—political, managerial, 
or otherwise. In such cases, it should benefit 
the individual to think consciously about 
simple matters and to delegate thinking about 
more complex matters to the unconscious. 
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Activity-Dependent Regulation of MEF2 
Transcription Factors Suppresses 
Excitatory Synapse Number 


Steven W. Flavell,”* Christopher W. Cowan,?*+ Tae-Kyung Kim,* Paul L. Greer,’ Yingxi Lin,” 
Suzanne Paradis,” Eric C. Griffith,” Linda 5. Hu,’ Chinfei Chen,* Michael E. Greenberg? 


In the mammalian nervous system, neuronal activity regulates the strength and number of 
synapses formed. The genetic program that coordinates this process is poorly understood. We show 
that myocyte enhancer factor 2 (MEF2) transcription factors suppressed excitatory synapse number 
in a neuronal activity- and calcineurin-dependent manner as hippocampal neurons formed 
synapses. In response to increased neuronal activity, calcium influx into neurons induced the 
activation of the calcium/calmodulin-regulated phosphatase calcineurin, which dephosphorylated 
and activated MEF2. When activated, MEF2 promoted the transcription of a set of genes, including 
arc and synGAP, that restrict synapse number. These findings define an activity-dependent 
transcriptional program that may control synapse number during development. 


uring nervous system development, 
Der activity influences the strength 
and number of synapses that form be- 
tween neurons. Although much has been 
learned about the molecular mechanisms that 
influence local changes in synaptic strength, 
less is known about how neuronal activity 
regulates the number of synaptic connections 
a neuron will form and maintain. 
Neuronal activity modulates synapse number 
both during brain development and in adult 
organisms. The number of synapses formed 
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during development can be in excess of the 
number that is maintained into adulthood (/, 2). 
These excess synapses are eliminated in a man- 
ner that depends on sensory experience and 
synaptic activity. Similarly, the induction of 
long-term potentiation (LTP) and long-term 
depression (LTD) in the mature hippocampus 
lead to the formation and deconstruction, 
respectively, of spine synapses (3, 4). Because 
the activity-dependent remodeling of synapses 
is often coordinated throughout an entire neu- 
ron (5), a global activity-dependent process 
may operate to control synapse number. 
Neurons can coordinate activity-dependent 
processes throughout the cell through the ac- 
tivation of new gene transcription (6). The in- 
flux of calcium into neurons in response to 
synaptic activity leads to the activation of a 
number of transcription factors. Members of the 
myocyte enhancer factor 2 family (MEF2A to 
MEF2D) of transcription factors are highly 
expressed in the brain and are tightly regulated 
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by several distinct calcium signaling pathways 
(7, 8). Here, we report that MEF2 transcription 
factors act as negative regulators of synapse 
number in hippocampal neurons. 

In rat brain lysates, MEF2A and MEF2D pro- 
teins were detected during embryonic stages, but 
their expression increased during the first 3 weeks 
after birth, a time during which synapses form 
and are remodeled (9) (fig. S1). Because the de- 
velopmental regulation of MEF2 expression was 
recapitulated in dissociated hippocampal cultures 
(fig. S1), we used RNA interference (RNAi) to 
investigate the function of MEF? proteins in cul- 
ture. Short hairpin RNAs (shRNAs) that target 
MEF2A and MEF2D caused the persistent deple- 
tion of these proteins in the nuclei of transfected 
hippocampal neurons over a period of at least 10 
days (Fig. 1A and fig. S2). The membrane 
depolarization-induced expression of a luciferase 
reporter gene under the control of three consensus 
MEF2 response elements (MREs) was also re- 
duced by the reduction of MEF2A and MEF2D 
(Fig. 1B). However, the membrane depolarization- 
induced expression of a cyclic adenosine mono- 
phosphate response element (CRE) reporter gene 
was unaffected by MEF2 RNAi (fig. S3). 

To investigate whether MEF2 regulates the 
number of synaptic contacts a neuron receives, 
we transfected shRNAs into cells at a time when 
synapses are just beginning to form [day in vitro 
(DIV) 5] and analyzed the number of synapses 
that had formed 8 to 10 days later. We used a 
low-efficiency method of transfection so that we 
could examine synapses formed onto transfected 
neurons by untransfected neurons in the same 
culture. Cells were fixed and stained for the 
presynaptic marker synapsin-1, as well as the 
postsynaptic marker postsynaptic density protein 
95 (PSD-95). These proteins were localized 
to discrete puncta that frequently overlapped, 
reflecting the clustering of these proteins at 
synaptic sites (Fig. 2A). We counted the number 
of sites where these puncta were colocalized 


Fig. 1. Reduction of 
MEF2A and MEF2D 
attenuates MEF2- 
dependent transcription 
in hippocampal neu- 
rons. (A) Images of 
hippocampal neurons 
transfected with the 
indicated shRNA ex- 
pression plasmids and 
stained with antibodies 
to MEF2A (red) and 
MEF2D (blue). Cells 
were transfected at em- 
bryonic day 18 (E18) + 
5 DIV and fixed at 
E18 + 14 DIV. Trans- 


fected cells indicated by boxes. (B) Luciferase reporter assay with the use of 3xMRE-Luc cotransfected with the indicated shRNA expression plasmids. Two days 
after transfection, cells were pretreated with AP5 and tetrodotoxin (TTX) for 1 hour before depolarization with 55 mM KCI for 7 hours. Data are from two 
independent experiments, each of which was conducted in triplicate, and are means + standard error of the mean (SEM) for unstimulated cells and +SEM for 


cells treated with KCL. 
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(henceforth referred to as cocluster density or 
synapse number) along the dendrites of trans- 
fected cells. Reduction of MEF2A and MEF2D 
resulted in a significant increase in the number 
of synapses formed onto neurons (Fig. 2B), 
suggesting that MEF? proteins function to restrict 
the number of synapses received by a neuron. The 
effect of MEF2 reduction on synapse number is 
due to the loss of MEF2-dependent transcription, 
given that the expression of a constitutively active 
and RNA‘-resistant form of MEF2 (MEF2-VP16) 
completely reversed the increase in synapse num- 
ber caused by MEF2 RNAi (Fig. 2B). A DNA- 
binding deficient mutant (MEF2ADBD-VP16) 
did not alter synapse number, indicating that 
this effect is dependent on the ability of MEF2- 
VP16 to bind to DNA and activate transcription. 

Because MEF2 proteins promote calcium- 
dependent neuronal survival in cerebellar granule 
neurons deprived of growth factors (8), we cul- 
tured our hippocampal neurons under conditions 
in which MEF? is not required for survival. We 
also monitored cell viability by assessing the 
dendritic morphology and passive membrane 
properties of neurons that were transfected with 
control or MEF2-specific shRNAs and found 
no detectable differences (figs. S4 and $5). 

To test whether the synapses formed on 
MEF2 shRNA-expressing cells were functional, 
we recorded miniature excitatory postsynaptic 
currents (mEPSCs) from neurons 8 to 10 days 
after transfection in a whole-cell voltage clamp 
configuration. The reduction of MEF2A and 
MEF2D caused a significant increase in mEPSC 
frequency, whereas the expression of a scram- 
bled shRNA had no effect (Fig. 2C). We 
observed no effect of MEF2A and MEF2D 
RNAi on mEPSC amplitude or the mEPSC 
waveform, indicating that, apart from the ef- 
fect on mEPSC frequency, the AMPA receptor— 
mediated postsynaptic responses to spontaneous 


A 
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Fig. 2. Increased synapse number and mEPSC frequency after reduction 
of MEF2 in hippocampal neurons. (A) (Top) Images of hippocampal 
neurons transfected with the indicated plasmids and stained with 
antibodies to PSD-95 (red) and synapsin-1 (blue). (Bottom) Details of 
dendrites with and without cotransfected green fluorescent protein (GFP) 
displayed. (B) Average density of synapsin-1—-PSD-95 coclusters along the 
dendrites of neurons transfected with the indicated plasmids. P < 0.001, 
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glutamate release were unaffected in these cells 
(fig. S6). The MEF2 RNAi-dependent increase in 
mEPSC frequency was reversed by cotransfection 
with MEF2-VP16 but not MEF2ADBD-VP16, 
suggesting that increased MEF2-dependent tran- 
scription can reverse the effect of MEF2 RNAi 
on mEPSC frequency (Fig. 2C). 

Presynaptic alterations might account in part 
for the increase in mEPSC frequency in MEF2 
shRNA-expressing cells, but we also observed 
an increase in the number of excitatory synapses 
by immunocytochemistry, which suggests that 
an increase in synapse number likely contributes 
to this effect. The increase in mEPSC frequency 
could also be due in part to an increase in the size 
or strength of preexisting synapses so that 
mEPSCs below our threshold of detection 
become detectable in cells treated with MEF2 
RNAi. However, no difference was detected in 
the distributions of mMEPSC amplitudes between 
control and MEF2 shRNA-expressing cells, 
suggesting that this possibility is unlikely. 

To test whether activation of MEF2 is 
sufficient to suppress excitatory synapse num- 
ber after synapses have already formed, we used 
an inducible gene-activation system in which 
the ligand-binding domain of the estrogen recep- 
tor (ER) is fused to the C terminus of MEF2- 
VP16. The ER fragment is mutated so that it 
responds specifically to 4-hydroxytamoxifen 
(4OHT). In the absence of 4OHT, MEF2- 
VP16-ER remained sequestered in the cyto- 
plasm of transfected hippocampal neurons, but 
it rapidly translocated to the nucleus and ac- 
tivated MEF2-dependent transcription upon ad- 
dition of 4OHT to the culture media (fig. S7 and 
Fig. 3A). 

We transfected MEF2-VP16-ER into hippo- 
campal neurons and allowed synapses to devel- 
op in the absence of 4OHT. After synapses had 
formed (DIV 20 and 21), cells were fixed either 
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before or after 12 or 24 hours of 40HT treat- 
ment. We determined the density of synapsin-1— 
PSD-95 coclusters and also monitored the 
number of dendritic spines per unit length of 
dendrite. Dendritic spines are the primary sites 
of excitatory contacts in mature hippocampal 
neurons and provide an additional measure 
of the number of excitatory synapses (/0). In 
neurons transfected with an empty vector or a 
MEF2ADBD-VP16-ER expression vector, the 
density of synapsin-1—PSD-95 coclusters and 
dendritic spines remained unchanged over a 12- 
or 24-hour time period when cells were treated 
with 4OHT (Fig. 3B and fig. S8). However, 
neurons expressing MEF2-VP16-ER displayed 
a significant decrease in both cocluster density 
and spine number after 12 or 24 hours of 40HT 
treatment. These results indicate that the acti- 
vation of MEF2-dependent transcription is suf- 
ficient to restrict synapse number. 

MEF? is activated by diverse extracellular 
stimuli, including growth factors, neurotrophins 
such as brain-derived neurotrophic factor (BDNF), 
and calcium influx resulting from neuronal ac- 
tivity (7). Because glutamate release at excit- 
atory synapses is thought to play a critical role 
in synaptic remodeling, we tested whether the 
ability of MEF2 to suppress synapse number 
requires glutamate-stimulated calcium influx. 
We transfected a MRE reporter plasmid into 
hippocampal neurons at DIV 10. To block 
calcium influx resulting from spontaneous 
glutamatergic synaptic transmission, we ex- 
posed hippocampal cultures to the N-methyl- 
D-aspartate—type glutamate receptor (NMDAR) 
antagonist 2-amino-5-phosphonopentanoic 
acid (AP5) or the L-type voltage-gated calcium 
channel (VGCC) antagonist nimodipine and 
found that either treatment led to a decrease in 
expression of the MRE reporter gene (Fig. 4A). 
Conversely, application of glutamate caused an 


i?) 


» 
s 


w 


° 
& 


mEPSC Frequency (Hz) 


40396A 


VNUUS paquiesss 
IWNY V2saW/dz743aN 
SidA-Z43W + 
IVNY VZ43WW0743N 
SidA-GS0VZ43WN + 
IVNY V2saWwOzcdaN 


analysis of variance (ANOVA); asterisks indicate statistical significance in 
pairwise comparison: P < 0.001, Bonferroni-Dunn post-hoc test. n > 14 
cells per condition (137 total, including data shown in fig. $18) and data 
are means + SEM. (C) Average mEPSC frequency for cells transfected with 
the indicated plasmids. P < 0.01, ANOVA; asterisks indicates statistical 
significance in pairwise comparison: P < 0.005, Bonferroni-Dunn post- 
hoc test. n > 8 cells per condition (55 total) and data are means + SEM. 
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NMDAR-dependent increase in reporter gene 
expression, whereas membrane depolarization 
caused by increased extracellular concentration 
of potassium chloride (KCI) induced expression 
of the MRE reporter gene in a manner that 
required L-type VGCC-mediated calcium influx 
(Fig. 4, B and C). These data indicate that 
MEF? transcriptional activity is induced by 
calcium influx through NMDARs and L-type 
VGCCs in hippocampal neurons. 

To determine whether neuronal activity- 
dependent induction of MEF? is required for the 
ability of MEF2 to suppress synapse number, we 
blocked synaptic activity by exposing cultured 
hippocampal neurons to the glutamate receptor 
antagonists AP5 and 6-cyano-7-nitroquinoxaline- 
2,3-dione (CNQX) and tested whether MEF2 
functioned to restrict synapse number under 
these conditions. Blockade of synaptic activity 
does not alter the density of synapses formed 
onto control transfected hippocampal neurons 
(11). This likely reflects the evidence that ac- 
tivity is required for both the strengthening and 
weakening of synapses in these cultures. How- 
ever, the reduction of MEF2A and MEF2D 
failed to cause an increase in the density of 
synapsin-1—PSD-95 coclusters in the presence 
of APS and CNQX (Fig. 4D). Thus, the ability 
of MEF2 to suppress synapse number requires 
the presence of glutamatergic synaptic activity, 
suggesting that the regulation of MEF2 by 
synaptic activity may be critical to its ability to 
suppress synapse number. 

Because MEF2 phosphorylation is known to 
regulate its transcriptional activity (7), we tested 
whether phosphorylation of MEF2 is critical for 
calcium-dependent MEF2 activation in hippo- 
campal neurons. In the absence of glutamatergic 
synaptic activity, we detected multiple species 
of MEF2A and MEF2D proteins in extracts 
from hippocampal neurons (Fig. 4E). The 
slower migrating forms of MEF2 appeared to 
be due to phosphorylation, because treatment of 
lysates from nondepolarized hippocampal cells 
with alkaline phosphatase led to the disappear- 
ance of these species. Membrane depolarization 
of hippocampal neurons also led to the dis- 
appearance of the slowly migrating forms of 
MEF? in a manner that required calcium in- 
flux, suggesting that neuronal activity-induced 
calcium influx leads to the dephosphorylation 
of MEF2A and MEF2D. The calcium- and 
calmodulin-regulated phosphatase calcineurin 
(PP2B) has been implicated in the activity- 
dependent dephosphorylation of MEF2 (/2). 
Using the specific inhibitors of calcineurin, 
cyclosporin A (CsA) and FK506, we observed 
that the membrane depolarization-induced de- 
phosphorylation of MEF2A and MEF2D and 
MRE reporter gene expression were largely 
blocked by inhibiting calcineurin activity (Fig. 
4, C and E). Moreover, MEF2D immunoprecip- 
itated from nondepolarized neurons was 
dephosphorylated by recombinant calcineurin 
in vitro (fig. S9). These data suggest that 
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Fig. 3. Synapse loss after activation of MEF2-dependent transcription. (A) Luciferase reporter assay 
using 3xMRE-Luc or 3xMREmut-Luc cotransfected with the indicated expression plasmids. Two days 
after transfection, cells were stimulated with 4OHT for 6 hours. Data are from two independent 
experiments, each of which was conducted in triplicate, and are means + SEM. (B) Average 
synapsin-1—PSD-95 cocluster density along the dendrites of neurons transfected and stimulated in 
the indicated manner for 24 hours. P < 0.01, ANOVA; asterisk indicates statistical significance in 
pairwise comparison: P < 0.01, Fisher's protected least significance difference (PLSD) test. n > 21 
cells per condition (138 total); data are from three independent experiments and are means + SEM. 


calcineurin dephosphorylates MEF2 at specific 
sites that, when phosphorylated, inhibit the abil- 
ity of MEF? to activate transcription. 

To identify the sites of dephosphorylation, 
we used mass spectrometry and an analysis of 
MEF2 sequence conservation across species, 
which led us to focus on three serine residues in 
MEF2A and MEF2D—Ser??!, Ser?9>, and 
Ser*°8 (on the basis of their positions in human 
MEF2A). Phosphorylation at Ser*8 inhibits 
MEF? activity in neurons (/3). We generated 
three separate phosphospecific antibodies that 
recognize MEF2A when phosphorylated at 
Ser??!, Ser?°5, or Ser*°8 (fig. S10). Membrane 
depolarization of hippocampal neurons resulted 
in a decrease in the phosphorylation of each of 
these three sites in a manner that was dependent 
on calcineurin activation (fig. S11). Application 
of BDNF, which activates MEF2 in neurons 
(14), did not detectably alter the phosphoryl- 
ation of MEF2 at Ser??!, Ser?°>, and Ser (fig. 
S12), suggesting that the dephosphorylation of 
these sites by calcineurin might confer a 
calcium-specific activation signal to promoters 
occupied by MEF2. 

To test whether dephosphorylation of 
MEF?2A at Ser??!, Ser2°5, and Ser#8 is impor- 
tant for neuronal activity-induced MEF2 tran- 
scription in neurons, we generated mutants of 
MEF2A in which an alanine replaced serine at 
all three serine residues, or Ser*°® alone (fig. 
S13). We developed a protein replacement 
assay in which the expression of endogenous 
MEF2A and MEF2D in neurons was almost 
completely eliminated by RNAi, and MEF2 
transcriptional activity was restored by express- 
ing a MEF2A or MEF2D cDNA bearing silent 
mutations in the region targeted by the co- 
expressed shRNA, which renders the MEF2s 
resistant to RNAi (RiR) (Fig. 4F and fig. S14). 
MEF2 cDNAs lacking these silent mutations 


YYePG Proudly Presents, Thx For Support! 


were still susceptible to RNAi and did not 
restore MEF2 activity. In this assay, both the 
triple mutant (Ser??!—Ala, Ser?>°—Ala, and 
Ser*#°8_,Ala) and the Ser*°°—Ala mutant 
restored reporter gene expression to a greater 
extent than did wild-type MEF2A-RiR, indicat- 
ing that phosphorylation of MEF2 at these 
serine residues inhibits MEF2 activity in 
neurons (Fig. 4F). In contrast, mutations of 
two highly conserved threonine residues that 
participate in stimulus-dependent MEF2 activa- 
tion in other contexts did not alter the ability 
of MEF2A-RiR to restore calcium-dependent 
MEF2 activation (figs. S12 and S13) (75). Taken 
together, these data indicate that the calcium- 
dependent activation of MEF2 in neurons is 
distinct from these previously characterized mech- 
anisms and requires the calcineurin-dependent 
dephosphorylation of MEF2. 

We next tested whether, under culture 
conditions where calcineurin activity was inhib- 
ited so that MEF2 would not be dephosphoryl- 
ated and activated, the reduction of MEF2A and 
MEF2D still caused an increase in synapse 
number. Chronic treatment of hippocampal 
neurons with CsA and FK506 led to a modest 
increase in synapse number (Fig. 4G). However, 
the reduction of MEF2A and MEF2D did not 
cause a significant increase in synapsin-1—PSD- 
95 cocluster number in the presence of calci- 
neurin inhibitors (Fig. 4G). This suggests that 
the ability of MEF2 to suppress synapse num- 
ber requires the neuronal activity-dependent 
activation of calcineurin and likely the de- 
phosphorylation of MEF2. 

To test whether MEF2 promotes the tran- 
scription of genes whose function is to negative- 
ly regulate the number of excitatory synapses 
that form onto neurons, we sought to identify 
activity-regulated genes whose expression is 
controlled by MEF2. We used lentiviral delivery 
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Fig. 4. Activity-dependent regulation of MEF2 by calcineurin. (A) 
Luciferase reporter assay with the use of 3xMRE-Luc transfected into E18 + 
10 DIV hippocampal neurons. The indicated antagonists were added for 
6 hours before lysates were collected. Data are means + SEM. (B) 
Luciferase reporter assay with the use of 3xMRE-Luc (MRE-+) or 
3xMREmut-Luc (MRE-). Transfected neurons were stimulated with gluta- 
mate (20 uM) for 4 hours at E18 + 10 DIV. Data are means + SEM for 
unstimulated cells and means + SEM for glutamate. (C) Luciferase re- 
porter assay using the same plasmids as in (B). Hippocampal neurons 
were transfected at E18 + 6 DIV and stimulated as in Fig. 1B. Data are 
means + SEM for unstimulated cells and means + SEM for cells treated with 
KCl. (D) Density of synapsin-1—-PSD-95 coclusters along the dendrites of 
neurons transfected with either a scrambled shRNA (control) or MEF2-specific 
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shRNAs. n > 12 cells per condition (59 total) and data are means + SEM. (E) 
Western blot analyses of MEF2 proteins extracted from hippocampal neurons 
at E18 + 8 DIV. Cells were pretreated with APS and TIX and stimulated with 
55 mM KCL for the indicated times. (F) Luciferase reporter assay with the use 
of the same reporter plasmids as in (A), cotransfected with the indicated 
plasmids into hippocampal neurons at E18 + 4 to 5 DIV. Data are means + 
SEM. (G) Density of synapsin-1—PSD-95 coclusters onto neurons transfected 
with either scrambled shRNA (control) or MEF2-specific shRNAs. n > 15 cells 
per condition (63 total) and data are means + SEM. For (D) and (G), P < 
0.001, ANOVA; asterisks indicate statistical significance in pairwise 
comparison: P < 0.001, Bonferroni-Dunn post-hoc test. For (A) to (C) and 
(F), data are from two independent experiments, each of which was 
conducted in triplicate. 


of shRNAs and Affymetrix microarrays to con- 
duct a genome-wide screen for genes transcribed 
in response to membrane depolarization that are 
reduced in expression after reduction of MEF2. 
The reduction of MEF2A and MEF2D caused a 


SCIENCE VOL 311 


decrease in the expression of genes belonging to 
several functional categories, including addi- 
tional transcriptional regulators and signaling 
molecules such as kinases. We investigated two 
of these genes, the activity-regulated cytoskeletal- 
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associated protein (arc) and synaptic Ras 
guanosine triphosphatase activating protein 
(synGAP), because the protein products of these 
genes negatively regulate synaptic develop- 
ment. Arc promotes the internalization of gluta- 
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Fig. 5. Regulation of arc and synGAP by MEF2. Western blot analyses of arc (left) and synGAP expression 
(right) with the use of antibodies specific to the two proteins. Protein lysates were collected from neurons 
at E18 + 10 DIV. Neurons were transduced with lentiviruses at E18 + 3 DIV and depolarized with high 
KCl as in Fig. 1B before lysis. For synGAP expression analysis, neurons were lysed at E18 + 14 DIV. con, 


control; A/D, MEF2A and MEF2D RNAi. 


mate receptors (/6), whereas synGAP inhibits 
Ras—mitogen-activated protein kinase signaling 
in the postsynaptic compartment (/7). We con- 
firmed that MEF2 reduction leads to a decrease 
in the expression of arc and synGAP by real- 
time quantitative polymerase chain reaction and 
Western blotting (fig. S15 and Fig. 5). More- 
over, we identified evolutionarily conserved re- 
gions at the genomic loci of both arc and synGAP 
and found that several of these DNA fragments 
were enriched in MEF2 chromatin immunopre- 
cipitates (fig. S16). Thus, arc and synGAP may 
be direct transcription targets of MEF2. 

Our results show that MEF2 transcription 
factors negatively regulate excitatory synapse 
number in an activity-dependent manner during 
synaptic development in vitro. They support a 
model in which the calcitum- and calmodulin- 
regulated phosphatase calcineurin dephospho- 


rylates and activates MEF2, which in turn 
promotes the remodeling of synapses by in- 
ducing a program of gene transcription that may 
involve arc and synGAP. Given that calcineurin 
is also required for the expression of certain 
forms of LTD (J8), it is possible that MEF2 
might also contribute to LTD. Whether MEF2 is 
important in vivo for such processes as synapse 
elimination, homeostatic control of synapse 
number, and/or LTD remains to be determined. 
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A Calcium-Regulated MEF2 
Sumoylation Switch Controls 
Postsynaptic Differentiation 


Aryaman Shalizi,”2* Brice Gaudilliére,”2* Zengqiang Yuan,* Judith Stegmiiller,? 
Takahiro Shirogane,* Qingyuan Ge,? Yi Tan,? Brenda Schulman,* 


]. Wade Harper,” Azad Bonni*+ 


Postsynaptic differentiation of dendrites is an essential step in synapse formation. We 

report here a requirement for the transcription factor myocyte enhancer factor 2A (MEF2A) 

in the morphogenesis of postsynaptic granule neuron dendritic claws in the cerebellar cortex. 

A transcriptional repressor form of MEF2A that is sumoylated at lysine-403 promoted dendritic 
claw differentiation. Activity-dependent calcium signaling induced a calcineurin-mediated 
dephosphorylation of MEF2A at serine-408 and, thereby, promoted a switch from sumoylation to 
acetylation at lysine-403, which led to inhibition of dendritic claw differentiation. Our findings 
define a mechanism underlying postsynaptic differentiation that may modulate activity- 
dependent synapse development and plasticity in the brain. 


he MEF2 family of transcription fac- 

tors is highly expressed in the brain 
when neurons undergo dendritic matu- 
ration and synapse formation (/). MEF2A is 
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especially abundant in granule neurons of the 
cerebellar cortex throughout the period of 
synaptogenesis (/) (fig. $1). In view of reported 
functions for transcription factors in distinct 


YYePG Proudly Presents, Thx For Support! 


aspects of dendritic morphogenesis (2-4), we 
investigated a potential role of MEF2A in 
synaptic dendritic development in the cerebellar 
cortex. 

During cerebellar development, granule neu- 
ron dendritic morphogenesis culminates in the 
differentiation of dendritic claws on which 
mossy fiber terminals and Golgi neuron axons 
form synapses (5-8). To visualize granule 
neurons undergoing postsynaptic differentia- 
tion, we transfected organotypic cerebellar 
slices prepared from postnatal day 9 (P9) rat 
pups with an expression plasmid encoding 
green fluorescent protein (GFP) (9). Trans- 
fected granule neurons in the internal granule 
layer had the typical small cell body with 
associated parallel axonal fibers and few 
dendrites (Fig. 1, A and B). Many dendrites 
harbored structures with the appearance of 
dendritic claws that were identified on the basis 
of classic descriptions as (i) located at the end 
of a dendrite, (ii) having cuplike or sicklelike 
appearance, and (iii) displaying undulating or 
serrated inner surfaces (5-8) (Fig. 1, C and D). 
Dendritic claws showed punctate expression 
of the postsynaptic protein PSD95 (Fig. 1D). 
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Fig. 1. MEF2A is essential in dendritic claw morphogenesis in Hf 30 
cerebellar slices. (A) Schematic of developing rat cerebellar Sos 
cortex: external granule (EGL), molecular (ML), Purkinje cell = am 
(PL), and internal granule (IGL) layers. Granule neurons (GN) 5 
elaborate dendritic claws that contact mossy fiber (MF) axons. = 15 
(B to D) Representative images of GFP-positive granule 210 
neurons within transfected cerebellar slices (9). Asterisk and 8 


arrowheads indicate the cell body and axons, respectively (B). 
Numbers in (C) indicate dendritic claws shown at higher 
magnification at right; arrows indicate dendritic claws. Neurons 
are immunostained for GFP and PSD95 in (D). The claw and 
the shaft of the dendrite are indicated, and arrowheads indicate PSD95- 
positive puncta within the claw (9). PSD95 puncta density is significantly 
higher in the claws than in the shaft of dendrites (P < 0.001, t test; total 
neurons measured, n = 22) (9). (E) (Left) Cerebellar slices transfected with 
the control U6 or U6/mef2a plasmid, together with expression plasmids 
encoding MEF2A-WT or MEF2A-Res and GFP, and analyzed for dendritic 
claws (9). (Upper right) Lysates of 293T cells transfected with control U6 
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or U6/mef2a plasmid together with expression plasmids for MEF2A-WT or 
MEF2A-Res were immunoblotted for MEF2A (9). (Lower right) The number of 
dendritic claws was significantly reduced by MEF2A knockdown and in 
MEF2A-WT-expressing neurons but not in MEF2A-Res—expressing neurons in 
the presence of MEF2A knockdown, when compared with Ué-transfected 
controls (P < 0.001, ANOVA followed by Bonferroni-Dunn post hoc test; total 
neurons measured, n = 262). Scale bars: 5 jum (C); 3 um (D and E). 


PSD95 puncta density was greater in the claw 
region than in the shaft of dendrites (Fig. 1D). 
Thus, granule neuron dendritic claws in cere- 
bellar slices represent sites of postsynaptic 
differentiation. 

We determined the effect of MEF2A knock- 
down induced by RNA interference (RNAi) on 
granule neuron dendritic morphogenesis. We 
transfected cerebellar slices with the U6/mef2a 
plasmid that encodes MEF2A hairpin RNAs 
(MEF2A"®™“) or the control U6 plasmid, 
together with a GFP expression plasmid (9). 
The MEF2A”""“ expressing granule neurons 
had 60% fewer dendritic claws than control U6- 
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transfected neurons, and their dendrites dis- 
played tapered or bulbous tips instead of claws 
(Fig. 1E). In these dendrites, PSD95 puncta den- 
sity was low in the tip region and no greater 
than in the shaft (fig. S2). The MEF2A"?®NA. 
induced dendritic claw phenotype was not due 
to a reduction in dendritic growth (fig. S3). 
Together, these results suggest that MEF2A 
plays a key role in the morphogenesis of den- 
dritic claws in the cerebellar cortex. 

To exclude the possibility that the dendritic 
phenotype induced by MEF2A knockdown is 
the result of off-target effects of RNAi, we 
performed a rescue experiment. MEF2A RNAi 
induced the effective knockdown of MEF2A 
protein encoded by wild-type (WT) MEF2A 
cDNA but failed to reduce the expression of 
MEF2A encoded by an RNAi-resistant cDNA 
(MEF2A-Res) (Fig. 1E). In cerebellar slices, 
MEF2A-Res, but not MEF2A-WT, reversed the 
MEF2A"®““ induced dendritic claw phenotype 
(Fig. 1E). Expression of MEF2A-Res induced 
dendritic claws of similar number, morpho- 
logical appearance, and PSD95 density as those 
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in control U6-transfected neurons (Fig. 1, D 
and E; fig. S2). These experiments indicate that 
the MEF2A""®““ induced dendritic claw phe- 
notype is the result of the specific knockdown 
of MEF2A. 

To establish MEF2A function in dendritic 
claw development in vivo, we induced MEF2A 
knockdown in the postnatal cerebellum using 
electroporation-mediated gene transfer (9, 10). 
We injected a control U6 or U6/mef2a plasmid 
that also encoded GFP into the cerebellar cortex 
of P3 rat pups and assessed dendritic claws in 
the cerebellum of these animals at P12. Granule 
neurons in control-transfected cerebella had 
PSD95-positive postsynaptic dendritic claws 
at the tips of their dendrites (Fig. 2, A and B). 
In addition, expression of the presynaptic pro- 
tein synaptophysin was found juxtaposed to 
the surface of ~80% of dendritic claws (Fig. 
2C). As in cerebellar slices, MEF2A knock- 
down reduced the number of dendritic claws 
in the cerebellum in vivo (Fig. 2D). Together, 
our findings suggest a physiological, cell- 
autonomous function for MEF2A in the mor- 
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Fig. 2. MEF2A is required for postsynaptic dendritic differentiation in 
vivo. (A) The cerebellum of P3 rat pups was injected and electroporated 
with the U6-cmvGFP plasmid (9). Representative electroporated granule 
neurons with cell bodies in the IGL. Scale bars: 50 wm (left), 10 um 
(middle), 5 tum (right). Asterisk, arrowheads, and arrows, respectively, in- 
dicate the cell body, parallel fibers, and dendritic claws of granule neurons. 
(B and C) Sections of U6-cmvGFP-electroporated cerebellum were im- 
munostained with antibodies to GFP and PSD95 (B) or synaptophysin (C). 


An image of a dendritic claw analyzed as in Fig. 1D is shown, and PSD95 
density is quantified below (B). PSD95 puncta density is significantly higher 
in the claw than in the shaft of dendrites (P < 0.001, t test; total neurons 
measured, n = 13). (D) Representative granule neuron dendrites from cer- 
ebella transfected with the control U6-cmvGFP or U6/mef2a-cmvGFP 
plasmid. Quantification indicates that MEF2A knockdown significantly re- 
duces dendritic claw number in vivo (P < 0.001, t test; total neurons mea- 
sured, n = 124). Scale bar, 5 jum (B to D). 


phogenesis of dendritic claws in the developing 
cerebellar cortex. 

Calcium signaling strongly influences the ac- 
tivity of MEF2s (//, /2). Calcium entry through 
voltage-sensitive calcium channels (VSCCs) 
triggers MEF2 phosphorylation at distinct sites 
and calcineurin-mediated dephosphorylation at 
undetermined sites, which lead to enhanced 
MEF?2-dependent transcription (//—14). Calci- 
neurin has emerged as a critical regulator of 
dendritic spine morphology in hippocampal neu- 
rons (/5). We reasoned that calcineurin might, 
therefore, control postsynaptic dendritic differ- 
entiation via a MEF2-regulated transcriptional 
mechanism. 

We first determined the site of calcineurin- 
mediated dephosphorylation of MEF2A. Because 
calcineurin stimulates MEF2-dependent tran- 
scription, we reasoned that calcineurin might in- 
duce the dephosphorylation of MEF2A at Ser 48, 
whose phosphorylation inhibits MEF2-dependent 
transcription (/6, 17). Using antibodies that recog- 
nize MEF2A when phosphorylated on Ser48 
(fig. S4) (9), we found that endogenous MEF2A 
was phosphorylated on Ser4°® in neurons (Fig. 
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3A). When neurons were depolarized, MEF2A 
underwent rapid and robust dephosphorylation 
at Ser4°8, an effect that was blocked in neu- 
rons treated with nimodipine, an inhibitor of 
L-type VSCCs, or cyclosporin A (CsA), an inhib- 
itor of calcineurin (Fig. 3A; fig. S5). In hu- 
man 293T embryonic kidney cells, MEF2A was 
constitutively phosphorylated at Ser 4°, and co- 
expression of activated calcineurin induced de- 
phosphorylation of MEF2A at this site (Fig. 3B). 
These results suggest that calcineurin mediates 
activity-induced dephosphorylation of MEF2A 
at Ser*°8 in neurons. 

Intriguingly, Ser4°* lies near a conserved 
SUMO (small ubiquitin-like modifier) acceptor 
site centered at Lys within a domain of MEF2A 
that represses transcription (7, /8). Sumoylation 
of transcription factors typically induces  tran- 
scriptional repression (19, 20). MEF2 proteins can 
function as activators or repressors of transcription 
in a signal-dependent manner (//, 12, 21). We 
asked whether Ser4°8 dephosphorylation might 
regulate MEF2A sumoylation at Lys4 and 
MEF2’s transcriptional repression function. First, 
we demonstrated that MEF2A Lys? is mod- 
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ified by sumoylation in vitro and in cells (Fig. 
3C; fig. S6). Interestingly, MEF2A was also 
acetylated in cells in a Lys *°3-dependent manner 
(Fig. 3C). 

To determine how dephosphorylation of 
Ser*°8 might regulate the Lys*? modifications, 
we expressed the MEF2A transactivation domain 
fused to the DNA binding domain of GAL4 (G4- 
MEF2A) together with a constitutively active 
form of calcineurin. Activated calcineurin in- 
hibited sumoylation and enhanced acetylation of 
MEF2A in cells (Fig. 3D). A G4-MEF2A mu- 
tant in which Ser4°° was replaced with alanine 
(G4-MEF2AS408A) had reduced sumoylation 
and enhanced acetylation as compared with G4- 
MEF72A (Fig. 3E). Expression of the SUMO E2 
ligase Ubc9 in cells increased sumoylation and 
inhibited the acetylation of G4-MEF2A, but not 
of G4-MEF2AS408A (fig. S7). Together, these 
results suggest that the calcineurin-induced de- 
phosphorylation of MEF2A at Ser*8 promotes 
a sumoylation to acetylation switch at Lys*. 

In granule neurons, endogenous sumoylated 
MEF2A was detected as an N-ethylmaleimide 
(NEM)-sensitive MEF2 immunoreactive band 
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Fig. 3. MEF2A Ser*°8 dephosphorylation promotes a sumoylation-to- 123 293T pk, 
acetylation switch at MEF2A Lys*°3. (A) Activity-dependent dephos- 293T 
phorylation of MEF2A Ser*°® in neurons. Lysates of granule neurons F G 
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ERK1/2. Nimodipine (Nim), 20 uM; CsA, 4 uM. (B) Calcineurin dephosphorylates MEF2ZA Mr 
Ser4°8, Lysates of 293T cells transfected with MEF2A and hemagglutinin (HA)-tagged 
constitutively active calcineurin subunit A (HA-CnA*) or control vector were immuno- 
blotted for MEF2A, MEF2ApS408, or HA. NS, nonspecific band. (C) MEF2A Lys? is both sa 
sumoylated and acetylated. Lysates and GAL4-immunoprecipitates of 293T cells transfected 85- = 
with wild type, K403R or E405D mutant G4-MEF2A, and HA-SUMO1 were immunoblotted for 

HA, acetyl-lysine (AcK), or MEF2A. Both K403R and Glu*°> replaced by Asp (E405D) mu- 
tations block MEF2A sumoylation, which indicates that Lys*3 is a bona fide SUMO acceptor 
site (24). (D) Calcineurin inhibits sumoylation and promotes acetylation of MEF2A. Cells 
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transfected with G4-MEF2A and HA-CnA* were analyzed as in (C). (E) Ser*°® is required for 
MEF2A sumoylation. Cells transfected with wild type, K403R or $408A mutant G4-MEF2A, 
and HA-SUMO1 were analyzed as in (C). (F and G) Endogenous MEF2A is sumoylated in neurons. (F) Granule neurons in nondepolarizing concentrations of 
KCl (5 mM) were lysed in the presence or absence of the isopeptidase inhibitor NEM and immunoblotted for MEF2A. Asterisk indicates a form of MEF2A of 
appropriate size for sumoylated MEF2A (fig. $8). (G) Granule neurons in media containing nondepolarizing (5 mM) or depolarizing (25 mM) concentrations 
of KCl in the presence of Nim or its control vehicle dimethyl sulfoxide (DMSO) were lysed in the presence of NEM and immunoblotted as in (F). MEF2A is 
also acetylated in neurons in a VSCC- and calcineurin-dependent manner (fig. $9). 


of appropriate molecular size by immunoblotting 
with antibodies to MEF2A (Fig. 3F; fig. S8). 
Membrane depolarization of neurons led to an al- 
most complete reduction of sumoylated MEF2A, 
an effect that tightly correlated with Ser*® de- 
phosphorylation (Fig. 3G). Endogenous MEF2A 
was acetylated in depolarized neurons (fig. S9). 
Incubation of depolarized neurons with the 
VSCC inhibitor nimodipine or the calcineurin 
inhibitor CsA increased sumoylation and de- 
creased acetylation of endogenous MEF2A 
(Fig. 3G; fig. S9). 

We assessed the consequences of Ser +8 
dephosphorylation-induced Lys*°? modifications 
of MEF2A on transcription. Replacement of 
Ser 48 with alanine (S408A) or Lys*°? with argi- 
nine (K403R) in G4-MEF2A similarly enhanced 
transcription in neurons or 293T cells (Fig. 4A; 
fig. S10). The S408A and K403R mutants of 
MEF72A are both deficient in sumoylation, yet 
the S408A mutant enhances MEF2A acetylation 
(Fig. 3E). In view of these results, the pheno- 
copy of the S408A and K403R mutants in the 
reporter assay supports the conclusion that 
sumoylation is the critical modification of Lys*°, 
leading to repression of transcription. Acetylation 
of Lys*? may thus serve to prevent sumoylation 
of MEF2A. 

Fusion of a SUMO moiety to transcription 
factors mimics the effect of SUMO that is 
covalently linked to proteins on the native lysine 
(22). A MEF2A-SUMO fusion protein potently 
inhibited the ability of coexpressed wild-type 
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MEF2A to induce a MEF2-responsive [MEF2 
response element (MRE)-dependent] reporter 
gene in cells (Fig. 4B). Sumoylation did not 
appear to alter MEF2A’s subnuclear localization 
or stability (fig. S11). Together, our findings sug- 
gest that Lys*°?-sumoylated MEF2A represses 
transcription and that Ser4°*° dephosphorylation 
inhibits Lys? sumoylation and, thereby, de- 
represses MEF2A-induced transcription. 

To characterize the role of the calcium- 
MEF2A signaling pathway in dendritic claw 
morphogenesis in the cerebellar cortex, we first 
tested the effect of MEF2A sumoylation on 
dendritic claw differentiation. Expression of 
MEF2A-SUMO increased the number of den- 
dritic claws compared with MEF2A-expressing 
or control-transfected neurons (Fig. 4C), which 
suggested that a transcriptional repressor form 
of MEF2A stimulates dendritic claw differ- 
entiation. In support of this conclusion, expres- 
sion of a protein in which the MADS/MEF2 
domains were fused to the transcriptional 
repressor Engrailed (MEF2-EN), which potent- 
ly repressed MRE-dependent transcription, led 
to an increase in the number of dendritic claws 
in cerebellar slices (fig. S12). 

We next determined the effect of the endog- 
enous calcium-induced cascade of modifications 
at Ser*°8 and Lys*°? of MEF2A on dendritic 
claw differentiation. Incubation of cerebellar 
slices with nimodipine or CsA increased dendrit- 
ic claw number (Fig. 4D), which suggested that 
VSCC or calcineurin activation inhibits dendritic 
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claw development. We then tested the ability of 
the S408A or K403R mutant of MEF2A-Res to 
rescue the MEF2A""*““.induced dendritic claw 
phenotype in cerebellar slices. The S408A mutant 
mimics calcineurin-induced dephosphorylation of 
MEF2A Ser*8, whereas both S408A and K403R. 
mutants of MEF2A are deficient in sumoylation 
and transcriptional repression (Figs. 3 and 4A). In 
contrast to MEF2A-Res, neither mutant of 
MEF2A-Res reversed MEF2A"®* inhibition 
of dendritic claw morphogenesis (Fig. 4E). Fu- 
sion of SUMO with the S408A mutant of 
MEF2A-Res protein gave this protein the abil- 
ity to induce dendritic claw differentiation in 
the presence of MEF2A knockdown (Fig. 4F). 
Thus, the rescue experiments suggest that an 
endogenously sumoylated transcriptional repres- 
sor form of MEF2A promotes dendritic claw 
differentiation. Together, our results also suggest 
that the calcium-induced Ser*°® dephospho- 
rylation and consequent inhibition of Lys? 
sumoylation of MEF2A suppress dendritic claw 
morphogenesis (see model in fig. S13). 

We investigated the mechanism by which 
sumoylated MEF2A promotes dendritic claw 
differentiation. Transcription of the gene encod- 
ing the transcription factor Nur77 is induced by a 
calcineurin-MEF? signaling pathway in immune 
cells (23). Endogenous MEF2A was found to 
occupy the endogenous Nur77 promoter in 
granule neurons (Fig. SA). Nur77 mRNA abun- 
dance and Nur77 promoter—mediated transcrip- 
tion increased in depolarized neurons in a 
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gene (pMEF2x3-luc) and pRL-TK. 
MEF2A-SUMO significantly reduced 
MRE-dependent transcription at 
all amounts tested (P < 0.01, ANOVA followed by Bonferroni-Dunn post 
hoc test; n = 5) (9). Lysates were also immunoblotted for MEF2 or ex- 
tracellular signal-regulated kinase types 1 and 2 (ERK1/2). (C) Cerebellar 
slices were transfected with control vector, MEF2A, or MEF2A-SUMO. 
Dendritic claw number was significantly increased by MEF2A-SUMO when 
compared with MEF2A-expressing or vector-transfected neurons (P < 
0.005, ANOVA followed by Bonferroni-Dunn post hoc test; total neurons 
measured, n = 53) (9). (D) Cerebellar slices transfected as in Fig. 1C were 
treated with Nim (20uM), CsA (4uM), or vehicle (DMSO). Dendritic claw 
number was significantly increased by Nim or CsA as compared with 
vehicle (P < 0.001, ANOVA followed by Bonferroni-Dunn post hoc test; 
total neurons measured, n = 162) (9). (E) (Left) Cerebellar slices trans- 
fected with the U6/mef2a plasmid together with MEF2A-Res or with 
K403R or S408A mutants of MEF2A-Res were analyzed as in Fig. 1E. 


8 86 € 8 


= 
=) 


DMSO CsA 


i} 


vector MEF2A MEF2A- 
SUMO 


U6/mef2a+Vector 


Res- Res- 
K403R S408A 


> » + ~- + U6/mef2a 


[-=- _—— --— FLAG- 
14-3-3 


U6/mef2a + MEF2A-Res 


Us/ +V 
met2a 


+Res +Res +Res 
K403R S40BA 


Scale bar, 3 um. The number of claws was significantly higher in granule 
neurons that expressed MEF2A-Res but not MEF2A-ResK403R or MEF2A- 
ResS408A in the presence of MEF2A knockdown when compared with 
MEF2A knockdown alone (P < 0.001, ANOVA followed by Bonferroni- 
Dunn post hoc test; total neurons measured, n = 133). (Upper right) 
Lysates of 293T cells transfected with the control or U6/mef2a plasmid 
together with MEF2A-WT, MEF2A-Res, K403R or S408A mutant of MEF2A- 
Res, and FLAG-14-3-3 were immunoblotted with the indicated antibodies. 
(F) Cerebellar slices transfected with the U6é/mef2a plasmid, together with 
MEF2A-Res or MEF2A-ResS408A-SUMO. The number of claws was 
significantly higher in neurons expressing MEFA-Res or MEF2A-ResS408A- 
SUMO in the presence of MEF2A knockdown when compared with MEF2A 
knockdown alone (P < 0.005, ANOVA followed by Bonferroni-Dunn post hoc 
test; n = 105). 


VSSC- and calcineurin-dependent manner 
(Fig. 5, B and C). Both MEF2A-SUMO and 
MEF2-EN inhibited depolarization-induced 
Nur77 transcription (Fig. 5D). In cerebellar slices, 
expression of a dominant interfering form of 
Nur77 increased the number of dendritic claws 
(Fig. SE). Thus, Nur77 represents a MEF2A tar- 
get gene whose repression by sumoylated 
MEF72A contributes to dendritic claw differenti- 
ation (fig. S13). 

We have discovered a transcriptional mecha- 
nism that may orchestrate postsynaptic dendritic 
development in the mammalian brain. Our 
findings indicate that the transcription factor 
MEF72A plays a key role in the morphogenesis 
of granule neuron dendritic claws in the cer- 
ebellar cortex. The modifications of MEF2A 
required for postsynaptic differentiation occur 
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within a phosphorylation-regulated sumoylation- 
acetylation switch (SAS) peptide motif that is 
conserved in all major MEF2 isoforms except 
MEF2B, as well as in several other transcription 
factor families (table S1). Thus, a phosphorylation- 
dependent switch between sumoylation and acet- 
ylation in transcription factors may play a 
widespread role in signal-regulated transcription 
and regulate diverse biological processes, includ- 
ing synapse development and plasticity. 
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was subjected to reverse transcription polymerase chain 
reaction (RT-PCR) by using primers specific to Nur77 or 
GAPDH. (C) Depolarization of granule neurons significant- 
ly induced expression of a luciferase reporter gene 
controlled by a Nur77 promoter containing WT MRE but 
not of a reporter controlled by a Nur77 promoter containing mutant MRE (MREmut) 
(P < 0.0001, ANOVA followed by Bonferroni-Dunn post hoc test; n = 6). Treatment 
with CsA prevented depolarization-induced expression of the WT Nur77-luciferase 
reporter gene (P < 0.0001, ANOVA followed by Bonferroni-Dunn post hoc test; n = 
6), but had no effect on MREmut Nur77-luciferase reporter gene. (D) Nur77— 
luciferase reporter gene activity was significantly induced in depolarized neurons 
transfected with the control vector or MEF2A (P < 0.005, ANOVA followed by 
Bonferroni-Dunn post hoc test; n = 4). Both MEF2A-SUMO and MEF2-EN repressed 
depolarization-induced Nur77-luciferase reporter activity. (E) Cerebellar slices were 
transfected with control vector, wild-type Nur77 (Nur77-WT), or dominant-negative 
Nur77 (Nur77-DN). The number of claws was significantly increased in neurons 
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Role of Noradrenergic Signaling 
by the Nucleus Tractus Solitarius 


in Mediating Opiate 


Valerie G. Olson,?* Carrie L. Heusner,’ Ross J. Bland,” Matthew J. During,2+ 
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role in mediating the rewarding and stimula- 
tory effects of opiates remains equivocal. We 
examined opiate-mediated reward and loco- 
motion in dopamine B-hydroxylase knockout 
(DBH-KO) mice, which cannot synthesize 
NE (4, 5). This genetic lesion is specific and 
complete, but it is conditional in that NE 
synthesis can be restored by administration of 
a pseudo-substrate (4). 

To assess opiate reward in DBH-KO mice, 
we used a balanced and unbiased conditioned 


Reward 


Norepinephrine (NE) is widely implicated in opiate withdrawal, but much less is known 

about its role in opiate-induced locomotion and reward. In mice lacking dopamine 
B-hydroxylase (DBH), an enzyme critical for NE synthesis, we found that NE was necessary for 
morphine-induced conditioned place preference (CPP; a measure of reward) and locomotion. 
These deficits were rescued by systemic NE restoration. Viral restoration of DBH expression 

in the nucleus tractus solitarius, but not in the locus coeruleus, restored CPP for morphine. 
Morphine-induced locomotion was partially restored by DBH expression in either brain 
region. These data suggest that NE signaling by the nucleus tractus solitarius is necessary 


for morphine reward. 


he pleasurable experiences associated 
with taking a drug encourage repeated 
usage, which can lead to neurochem- 


ical changes that promote addiction. Seminal 
studies of the neurotransmitters underlying 
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opiate reward implicated the catecholamines 
NE and dopamine (DA), but the role of DA in 
this process has received the most attention 
(/, 2). Although many studies implicate NE in 
the adverse effects of opiate withdrawal (3), its 
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place preference (CPP) paradigm (6). Rodents 
can learn to associate the pleasurable aspects of 
a stimulus with the environments in which they 
experience that stimulus, and they preferentially 
seek such environments (referred to as CPP) 
while avoiding environments where unpleasant 
stimuli are encountered (conditioned place 
aversion, CPA). Quantification of time spent 
in a drug-paired environment after conditioning 
can be used as a measure of the rewarding 
properties of that drug (6). DBH-KO mice 
showed no preference for the morphine-paired 
environment at any dose tested, but they 
showed aversion to the drug-paired side at a 
dose of 25 mg/kg intraperitoneally (ip) (Fig. 
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1B). In contrast, littermate controls showed a 
typical CPP to morphine at doses of 15, 20, and 
25 mg/kg (Fig. 1A). Noradrenergic neurotrans- 
mission was restored in DBH-KO mice by 
administering L-3,4-dihydroxyphenylserine 
(DOPS), which can be converted to NE in the 
absence of DBH (4). Treatment with DOPS 
rescued CPP for morphine in DBH-KO mice 
but did not affect control mice (Fig. 1, A and 
B). To ensure that this deficit in CPP was due 
to lack of morphine reward rather than a learn- 
ing or attention deficit, we assessed the ability 
of DBH-KO mice to form a CPP for food; 
DBH-KO mice showed a robust preference for 
a food-paired environment (Fig. 1C). Other 
studies have shown that DBH-KO mice can 
form a CPP to cocaine (7). 

Acute administration of morphine also stim- 
ulates locomotion in rodents (8—//). At all doses 
tested, morphine increased locomotion in con- 
trol mice; however, DBH-KO mice were signif- 
icantly less active than controls at each dose of 
morphine, but not with saline (Fig. 1D). DOPS 
administration before morphine (20 mg/kg) re- 
stored morphine-induced locomotion in DBH- 
KO mice but did not affect control mice (Fig. 1D). 

Two noradrenergic nuclei, the locus coeru- 
leus (LC) and the nucleus tractus solitarius 
(NTS), have been implicated in the aversive 
effects of opiate withdrawal (3, 12). We hypoth- 
esized that they may also play a role in the 
rewarding properties of opiates. Therefore, we 
selectively restored DBH expression in either 
the LC or the NTS of DBH-KO mice with the 
use of adeno-associated virus (AAV) encoding 
DBH and the fluorescent reporter protein 
DsRed2 (AAV1-DBH-DsRed2, Fig. 2A); we 
also used a control virus expressing luciferase 
(AAV1-Luc). Bilateral injection of AAV into 
the NTS or LC resulted in DsRed expression in 
the respective nuclei (Fig. 2, B and C) but not 
in other noradrenergic cell groups (3). Most of 
the DsRed-positive neurons were noradrenergic 
(but in the NTS, also possibly adrenergic), as 
indicated by costaining with antibodies to 
tyrosine hydroxylase (TH) (Fig. 2, D and E). 
After AAV1-DBH-DsRed2 injection into the 
LC, expression of DBH was observed in neu- 
ronal processes in the anterior cingulate area of 
the prefrontal cortex (PFC), a brain region that 
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Fig. 1. CPP and locomotor responses of DBH-KO and control mice to morphine. (A) Control mice 
treated with various doses of morphine during the conditioning phase develop CPP at intermediate 
doses (mg/kg ip); administration of DOPS had no effect (n = 7 to 15 mice per group). (B) DBH-KO 
mice treated with various doses of morphine during the conditioning phase of the CPP paradigm 
fail to manifest CPP; administration of DOPS before the conditioning with morphine at 20 mg/kg 
restored CPP (n = 7 to 13 mice per group). Analysis revealed a significant genotype effect but no 
genotype x dose interaction. (C) Both DBH-KO and control mice form a CPP for food (n = 6 or 7 mice 
per group). (D) Control mice show increased locomotion in response to all morphine doses tested, 
whereas the response of DBH-KO mice is significantly blunted (n = 6 to 10 mice per group). CPP 
data are expressed as means + SEM of time spent on the drug-paired side before and after condi- 
tioning. Locomotor data are expressed as average total beam breaks + SEM during a 2-hour session. 


*P < 0.05, **P < 0.01. 


receives noradrenergic innervation solely from 
the LC (/4) (Fig. 2F). When AAV1-DBH- 
DsRed2 was injected into the NTS, DBH 
expression was not observed in the PFC (Fig. 
2G), but it was found in neuronal processes in 
the nucleus accumbens (NAc) (Fig. 21) and 
the bed nucleus of the stria terminalis (BNST, 
fig. S1), which receive the majority of noradre- 
nergic input from the NTS rather than from the 
LC (22, 14, 15). These latter areas were sparsely 
labeled after AAV1-DBH-DsRed2 transduction 
of the LC (Fig. 2H). 

Expression of DBH in selected noradrenergic 
nuclei restored behavioral responses to mor- 
phine. Bilateral injection of AAV1-DBH- 
DsRed2 into the NTS completely rescued CPP 
for morphine, whereas injection of AAV1-Luc 
had no effect (Fig. 3A). In contrast, injections of 
either AAV1-DBH-DsRed2 or AAV1-Luc into 
the LC failed to rescue CPP for morphine (Fig. 
3B). Injections of AAV1-DBH-DsRed2 into 
either the LC or the NTS partially restored 
morphine-induced locomotion, whereas injec- 
tions of AAV1-Luc into either region had no 
effect (Fig. 3C). Viral injections into either the 
LC or the NTS had no effect on locomotor 
response to saline injection (fig. S2). 

To explore how opiates affect NTS neurons, 
we measured cFos activation in the NTS of con- 
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trol mice given a dose of morphine (20 mg/kg) 
that induces optimal CPP. We observed a sig- 
nificant increase in cFos labeling of both TH- 
positive and TH-negative NTS neurons relative 
to saline-injected controls, as previously docu- 
mented in rats (16) (Fig. 3D) (fig. S3). 

We conclude that the inability of DBH-KO 
mice to form a normal CPP to morphine is due to 
an inability to experience morphine reward, not 
to an impairment of their ability to learn a place 
association or to a general deficit in reward. 
These mice also manifest a blunted locomotor 
response to morphine. Neither of these deficits is 
due to chronic compensatory changes in re- 
sponse to loss of NE, because acute restoration 
of NE via administration of DOPS rescues these 
phenotypes. Our data suggest that NTS neurons 
are activated by morphine and that NE signaling 
by this nucleus is critical to opiate reward, where- 
as NE release from both the LC and the NTS 
contributes to morphine-induced locomotion. 

A role for NE in opiate reward was suggested 
three decades ago (2, 16), in part because inhi- 
bition of DBH activity attenuated opiate reward 
(J). However, subsequent studies of the LC 
yielded mixed results, and the role of other 
noradrenergic cell groups was not studied (/6). 
Some recent studies have implicated NE in 
opiate reward, but the results are hard to 
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Fig. 2. Restoration of DBH 
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expression in selected nor- \ 
adrenergic nuclei by viral 
transduction. (A) Schematic 
of AAV1-DBH-DsRed2 con- 
struct that was used to 
make AAV for injection. 
(B) Representative coronal 
section through the brain 
of an animal injected with 
AAV1-DBH-DsRed2 bilater- 
ally into the LC. Red cells 
are neurons expressing the 
DsRed transgene. (D) The 
same section labeled with 
an antibody to TH, a marker 
of noradrenergic neurons. 
(C and E) Representative 
sections through the brain 
of an animal injected with 
AAV1-DBH-DsRed2_bilater- 
ally into the NTS with visu- 
alization of DsRed (C) and 
DsRed and TH (E). (F to I) 
Immunohistochemistry with 
antibodies to DBH in PFC 
(anterior cingulate region) 
(F) or shell of NAc (H) after 
injection of AAV1-DBH- 
DsRed2 into the LC; similar 
sections and staining of PFC 
(G) and NAc (1) after injec- 
tion of AAV1-DBH-DsRed2 
into the NTS. AC, anterior 
commissure; Co, NAc core; 
Sh, NAc shell. Scale bars, 100 pum. 
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interpret. Adrenergic receptor agonists and 
antagonists have been shown to alter CPP for 
morphine (/7—19); however, the results are 
conflicting (/7-/9) and they are confounded 
by the fact that some noradrenergic drugs 
induce CPP or CPA on their own (6, /7) or are 
not selective for adrenergic receptors (20). The 
finding that adrenergic receptor (Adra/b)-null 
mice have attenuated CPP at one dose of 
morphine supports our results (/0); however, 
these mice have other learning deficits and 
compensatory changes that confound interpre- 
tation of their inability to establish CPP for 
morphine (2/—23). A recent study showed that 
6-hydroxydopamine lesions of noradrenergic 
fibers in the PFC, which arise from the LC 
(/4), attenuate morphine CPP (8). The apparent 
discrepancy with our findings may be explained 
by differences in technique: Ablation of nor- 
adrenergic fibers in the PFC would eliminate not 
only NE signaling but also that of cotransmitters 
released from LC neurons. In addition, disruption 
of noradrenergic signaling in the PFC could lead 
to deficits in attention or memory (24) that 
would impair an animal’s ability to learn a place 
association without affecting other forms of 
memory, thereby disrupting morphine CPP with- 
out affecting opiate reward. Because the LC and 
NTS are extensively interconnected, it is also 
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possible that interactions between these two 
nuclei regulate morphine CPP in normal mice. 

How noradrenergic neurotransmission from 
the NTS regulates opiate reward remains to be 
explored. Our cFos data and that of others (25) 
suggest that morphine increases NE release, 
and possibly epinephrine release, by NTS neu- 
rons. The extended amygdala (EA) is exten- 
sively innervated by the NTS (12, 14, 15), and 
it has been implicated in the aversive properties 
of opiate withdrawal and in opiate-seeking be- 
haviors (12, 26, 27). It has been proposed that 
NE derived from the NTS, rather than the LC, 
mediates these effects (12, 28), which raises the 
possibility that NE signaling within the EA may 
also mediate the rewarding aspects of morphine. 
Which adrenergic receptors are involved and 
which neuronal circuits are affected by NE sig- 
naling from the NTS remain to be identified. 

The partial rescue of morphine-induced loco- 
motion that we observed after AAV injection into 
the LC is probably due to NE release in the PFC, 
where it is known to regulate opiate-induced lo- 
comotion (9). However, our results indicate that 
NE release from the NTS also contributes to 
locomotion. Both the LC and the NTS project 
to the ventral tegmental area, where NE may 
regulate DA neuron activity (14, 29) and thereby 
facilitate locomotion and reward (6). 
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Fig. 3. Behavioral consequences of restoring DBH 
expression to the NTS or LC. (A) Injection of AAV1- 
DBH-DsRed2 into the NTS of DBH-KO mice 
restored morphine CPP, whereas AAV1-Luc did 
not (n = 7 to 13 mice per group). (B) Injection of 
AAV1-DBH-DsRed2 into the LC of DBH-KO mice 
did not restore CPP for morphine, and neither did 
AAV1-Luc (n = 7 to 13 mice per group). (C) 
Injection of AAV1-DBH-DsRed2 into either the NTS 
or the LC of DBH-KO mice partially rescued 
morphine-induced locomotion, whereas AAV1-Luc 
had no effect (n = 5 to 11 mice per group). (D) 
Morphine administration (20 mg/kg) increased the 
number of cFos-positive cells in the NTS, including 
those that are TH-positive and TH-negative (n = 4 
or 5 mice per group). *P < 0.05. 
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Causal Reasoning in Rats 


Aaron P. Blaisdell,?* Kosuke Sawa,” Kenneth J. Leising,’ Michael R. Waldmann? 


Empirical research with nonhuman primates appears to support the view that causal reasoning is a 
key cognitive faculty that divides humans from animals. The claim is that animals approximate 
causal learning using associative processes. The present results cast doubt on that conclusion. 
Rats made causal inferences in a basic task that taps into core features of causal reasoning without 
requiring complex physical knowledge. They derived predictions of the outcomes of interventions 
after passive observational learning of different kinds of causal models. These competencies cannot 
be explained by current associative theories but are consistent with causal Bayes net theories. 


he ability to acquire and reason with 
| causal knowledge is among our most 
central human cognitive competences 
(1). Causal knowledge serves two important 
functions: It allows us to predict outcomes on 
the basis of observations, and it underlies our 
ability to control events in the world. We in- 
vestigated whether animals understand the rela- 
tion between observations and interventions, 
which some philosophers regard as a core 
feature of causal reasoning (2-4). 

Although a number of psychologists have 
claimed that both humans and animals use basic 
associative mechanisms to learn about causal 
relations (5), human studies have demonstrated 
a deeper understanding of causal relations that 
cannot be reduced to associative learning (6-8). 
In contrast, research on the cognitive compe- 
tencies of nonhuman primates concludes that 
they demonstrate a superficial understanding 
of the association between tool use and its 
effects but fail to comprehend the unobservable 
physical mechanisms underlying these relations 
[(9-11), but see (12, 13)]. It may well be, how- 
ever, that nonhuman animals lack knowledge 
about physical mechanisms but still are capable 


Department of Psychology, University of California, Los 
Angeles, CA 90095, USA. “Japan Society for the Promotion 
of Science, Nagoya University, Nagoya 464-8601, Japan. 
3Department of Psychology, University of Géttingen, 
37073 Gottingen, Germany. 


*To whom correspondence should be addressed. E-mail: 


Dialsdeu@psych.ucta.edu 


17 FEBRUARY 2006 VOL 311 


of basic causal reasoning. The capacity to derive 
predictions for interventions after purely obser- 
vational learning is a core competency that is 
not reducible to associative learning (/4). 
Humans and animals can learn associations 
between passively observed events (Pavlovian 
conditioning) as well as between interventions 
and outcomes (instrumental conditioning). 
Moreover, these two learning modes may in- 
teract (/5). An understanding of the interrela- 
tions between observations (“seeing”) and 
interventions (“doing”), however, requires more 


sophisticated representations. Simple transfer 
from observational learning can lead to inade- 
quate predictions for interventions. For exam- 
ple, barometer readings statistically predict the 
weather, but at the same time, setting the barom- 
eter to an arbitrary reading does not influence 
the weather. Both relations could be learned 
with associative mechanisms in separate obser- 
vational and instrumental learning trials, but 
associative theories are incapable of deriving 
correct predictions for interventions after ob- 
servational learning when no prior instrumental 
learning is available. 

The causal model in Fig. 1A shows how 
predictions for interventions can be derived from 
observations. Imagine that an animal learns in an 
observational Pavlovian learning phase that a 
light cue (L) temporally precedes both a tone 
stimulus (T) and food (F), thus learning a 
common-cause model with two effects (top 
panel). After learning this model, observing T 
should, via L, lead to the predictive inference 
that F should also be present. However, if the 
animal learns in the test phase that a newly 
introduced lever turns on T, it should be more 


A Obeend B Fig. 1. (A) Causal mod- 
serving 5 . 

ccna el used in experiment 1. 

25) Observe (p=.50 L (light) is the common 

2 , cause of T (tone) and F 

<0) ean (food); N (noise) is the 

| direct cause of F. (Top 

9 panel) Observed causal 

E10 | relations. (Bottom pan- 

intervening g el) Model modified un- 

S51 der the assumption of 

an intervention in T and 

) 1 N. (B) Experiment 1: 


fale 


Common-Cause 


Direct-Cause 
Training 


Mean nose pokes in 
response to test stimu- 
lus T (P < 0.05) in the 


common-cause condition and to N (P > 0.50) in the direct-cause condition after a lever press 
(intervene) or no lever press (observe). Bars indicate SEM. Planned comparisons from a two-way mixed 
analysis of variance (ANOVA) are shown. There was a main effect of causal model (common or direct), 
F(1, 21) = 6.01, P < 0.05, and an interaction between causal model and test condition (intervene or 


observe), F(1, 21) = 4.31, P = 0.05. 
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reluctant to predict F (bottom panel). Generating 
T by means of an alternative cause—the lever— 
does not predict F because the manipulation of 
an effect does not influence its cause (L). A 
dissociation between seeing and doing would be 
remarkable, because in the observational learn- 
ing phase T is positively correlated with L. 

The only theoretical model that derives 
correct predictions for interventions from ob- 
servational learning data is causal Bayes nets 
(2-4). Predictions for observations make use of 
the full causal model acquired during observa- 
tional learning (top panel). Predictions for 
interventions, however, are based on a modified 
graph (bottom panel); the insight that generat- 
ing T in the common-cause model happens 
independently of its usual cause L is modeled 
by removing the causal arrow that leads into the 
manipulated effect: a manipulation called graph 
surgery (3). Because the manipulated T is un- 
related to L, the likelihood of L’s other effect 
F should not be altered by T’s presence. 

A possible alternative associationist expla- 
nation of the failure to expect F after an in- 
tervention in T may be that the animal does not 
expect F because it lacks prior instrumental 
learning experiences relating lever presses to F. 
This alternative theory, however, erroneously 
also predicts a failure to expect F in the pres- 
ence of noise (N), after these events had been 
paired during observational learning (Fig. 1A). 
Because of the direct causal link between N 
and F, causal Bayes nets predict that animals 
should equally expect F, regardless of whether 
N is observed or generated by an intervention. 
Recent research with similar tasks has shown 
(J4) that human participants are capable of 
deriving correct predictions for interventions on 
the basis of observational data (/6). 

In experiment 1, 32 rats were trained on the 
causal model shown in Fig. 1A, using an 
observational Pavlovian procedure (17). Train- 
ing consisted of three types of trials inter- 
spersed within each session. The first type of 
trial was presentations of stimulus L (a 10-s 
flashing light or click train) forward-paired with 


Fig. 2. Common-cause 
and causal chain mod- 
els from experiment 2. 
(Left) Observed causal 
relations. (Right) Mod- 
el modified under the 
assumption of an inter- 
vention in T. 


Observing 


Observing 
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stimulus T (a 10-s tone or noise); the second 
was presentations of stimulus L forward-paired 
with stimulus F (a 10-s delivery of sucrose 
solution); the third was simultaneous presenta- 
tions of stimulus N (a 10-s noise or tone) and 
10 s of F. We trained each causal link in the 
common-cause model separately to make it 
more likely that subjects did not induce a direct 
link between effects T and F. 

Why did the rats not induce that the al- 
ternative effect is always absent when the cause 
and one effect are present (that is, conditioned 
inhibition)? With few learning trials, rats tend 
to integrate individual learning relations into a 
coherent integrated model. Only after many 
trials do rats encode the explicit absence of the 
nonpresented cues (/8). Supporting these find- 
ings, the results of all our experiments show 
that rats induced second-order excitatory rather 
than inhibitory relations (/9). Apparently, in the 
initial phases of learning, rats tend to conserv- 
atively treat the absent but expected events as 
possibly present but missed. A similar ability to 
combine individually learned causal links into 
complex causal models has been demonstrated 
in humans (20). 

Do rats treat L as a common cause of both T 
and F, and do they correctly differentiate be- 
tween seeing and doing with respect to T and 
N? Rats were allocated to one of four test 
conditions and were placed in the conditioning 
chamber with a lever present. This lever had 
not been present in the observational learning 
phase, so that no prior instrumental knowledge 
was available. Rats in condition intervene-T 
received a 10-s presentation of T each time they 
pressed the lever. Rats in condition observe-T 
merely observed presentations of T indepen- 
dently of any emitted lever presses. Conditions 
intervene-N and observe-N were conducted in 
an identical fashion, except that N was either 
the product of an intervention by lever pressing 
or was observed. We recorded the number of 
nose pokes into the magazine where F had been 
delivered during the training phase, to assess 
the rats’ expectation of F. 


Common-Cause model 


Intervening 


Causal Chain 
Intervening 
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Causal Bayes nets predict that observing T 
in condition observe-T should lead the rats to 
reason that the temporally prior cause L was 
probably present (but missed), and to conse- 
quently expect that F should also be present; 
therefore, they should emit many nose pokes. In 
contrast, rats in condition intervene-T should 
attribute T to their intervention and therefore 
expect L and consequently its effect, F, to occur 
with the probability corresponding to the base 
rate of its cause L. Consequently, we should 
observe a lower rate of nose poking in con- 
dition intervene-T than in condition observe-T. 
There should not be any difference in rates of 
nose poking, however, between conditions 
intervene-N and observe-N. The direct causal 
relationship should lead the rats to expect F 
regardless of whether N was observed or in- 
tervened on at test. Unlike causal Bayes nets, 
associationist theories predict equivalent nose 
poking in the presence of T in both the observe 
and intervene conditions. 

Figure 1B shows the mean rate of nose 
poking per 10-s presentation of stimuli T and N 
as a function of test condition (with a maximum 
rate of 100 nose pokes per presentation). As 
predicted by causal Bayes nets, rats that 
produced T through a lever-press intervention 
(condition intervene-T) made fewer nose pokes 
than rats that merely observed T (condition 
observe-T). However, rats that intervened in N 
(condition Intervene-N), which was trained as a 
direct predictor of F, did not nose poke less 
than rats that merely observed N (condition 
observe-N). [An analysis of the lever press data 
ruled out selective interference between lever 
pressing and nose poking (/7).] 

In experiment 1, we observed a dissociation 
between seeing and doing within the common- 
cause model, whereas both tasks led to identical 
expectations with the direct causal link, which 
is consistent with causal Bayes nets. A critic 
might point out that we found a dissociation 
within a complex causal model with two sep- 
arately learned links (the common-cause mod- 
el), whereas we found similar responses to the 
less complex direct link. To rule out complexity 
or second-order learning as the basis of our 
dissociation, we compared a common-cause 
condition with an equally complex causal chain 
in which the individual causal links were also 
presented separately (that is, second-order 
conditioning) (Fig. 2). Whereas causal Bayes 
nets predict a dissociation between seeing and 
doing in the common-cause model, no such 
dissociation is expected for the causal chain. 
Regardless of whether the initial cause (T) of 
the chain is observed or generated by means of 
an intervention, the intermediate (L) and final 
effect (F) should equally be expected. 

In experiment 2a, rats received either 
common-cause training, as in experiment 1, or 
causal-chain training, which was identical 
except that T preceded L during observation- 
al learning (/7). In the test phase, groups 
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Fig. 3. Experiment 2a 
(left panels): Mean nose 
pokes during test stimu- 
lus T (top panel) or 10 s 
after the termination of 
T (bottom panel) after a 
lever press (intervene; 
P = 0.01 in both panels) 
or no lever press (ob- 
serve; P = 0.12 and 0.82 
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(observe). Chain and unpaired indicate the type of causal model training. Bars indicate SEM. P = 0.09 
and 0.01 in top and bottom panels, respectively, for the main effect of training. 


common-cause-intervene and chain-intervene 
received presentations of T each time the lever 
was pressed. Groups common-cause—observe 
and chain-observe merely observed T. We re- 
port the number of nose pokes during the 10-s 
presentation of T and during the 10-s period 
beginning 10 s after the termination of T (post-T 
interval 2) for all subjects. In the chain con- 
dition, F should rationally be expected between 
10 and 20 s after delivery of T (/9). In contrast, 
the expected time of delivery of F for rats that 
received common-cause training is during T 
itself. 

Figure 3 shows the mean rate of nose 
poking on test trials with T. Group common- 
cause—intervene nose poked less than group 
common-cause—observe, which replicates the 
pattern of experiment 1. In contrast, no differ- 
ence was found between groups chain-intervene 
and chain-observe, as predicted by causal Bayes 
nets. 

Rats in group chain-intervene did not nose 
poke more than did rats in group common- 
cause-—intervene. This low level of responding 


17 FEBRUARY 2006 VOL 311 


does not reflect a failure to learn a causal chain, 
however. Experiment 2b replicated the chain 
condition and added groups for which T and L 
were unpaired during observational learning 
(17). Figure 3 reveals no difference between 
seeing and doing, as predicted by causal Bayes 
nets. Moreover, responding in the causal-chain 
groups was higher than in the unpaired groups, 
which signifies that the rats had indeed learned 
the second-order chain relations. 

A number of researchers have recently con- 
cluded that causal reasoning is a faculty that 
divides humans from animals (7, 9-//). The 
present results cast doubt on that conclusion. 
With tasks that did not require complex phys- 
ical knowledge, the experiments have shown 
that rats grasp the relationship between seeing 
and doing. Rats made correct inferences for 
instrumental actions on the basis of purely 
observational learning, and they correctly dif- 
ferentiated between common-cause models, 
causal chains, and direct causal links. These 
results contradict the view that causal learn- 
ing in rats is solely driven by associative learn- 
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ing mechanisms, but they are consistent with 
causal Bayes net theories. The core compe- 
tency of reasoning with causal models seems 
to be already in place in animals, even when 
elaborate physical knowledge may not yet be 
available. 
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Materials Science Microscopes 

With an integrated furnace hot stage, the MS-E1S microscope enables the 
direct observation of materials science samples during heating and cooling 
experiments typically performed in semiconductor and metallurgical investiga- 
tions. The MS-E1S unit integrates a compound optical microscope with an 
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in one minute) and cooled to room temperature quickly. Images can be 
recorded in video format at 100X, 200X, and 400X magnification using the 
charge-coupled device camera and VHS or DVD recorder. The system is easy to 
operate and provides a clean and controlled sample environment with highly 
accurate temperature regulation. Samples can be solid, liquid, or powder with 
a choice of air, inert gas, and vacuum atmospheres. 


Ulvac Technologies For information 978-686-7550[www.ulvac.com] 
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DNA Transfection Reagent 

A DNA transfection reagent is available that is 
efficient in a wide variety of eukaryotic cells .A 
polymeric transfection reagent, jetPEI has 
proven successful in delivering DNA to more 
than 200 adherent and non-adherent cell lines. 
It is appropriate for routine transfection and par- 
ticularly suitable for fragile, slow-dividing cells, 
such as primary cells. The jetPEl reagent is a 
polyethylenimine that behaves as a proton 
sponge by absorbing the acidity of the DNA- 
containing endosomes. As a result, DNA is pro- 
tected and vacuole swelling causes rapid release 
of the jetPEI/DNA complexes into the cytosol. 
And unlike lipidic transfection reagents, jetPEl is 
a water-soluble polymer, enabling consistent 
complex formation with DNA. 
Polyplus-transfection For information 


760-481-4918 


Mouse Genome Library 

Open Biosystems offers complete coverage of 
the mouse genome with RNA interference (RNAi) 
triggers adapted with microRNA sequences. This 
vector-based whole genome RNAi resource for 
mouse now provides increased gene silencing 
with greater specificity. The mouse RNAi offering 
comes on the heels of the human whole genome 
library and further extends the manufacturer's 
portfolio of Expression Arrest products. The 
libraries simplify validation of gene function, 
probing interactions between genes, and estab- 
lishment of animal models. 

Open Biosystems For information 256-704-4848 


Solubility Optimization Service 

The new Solubility Optimization Service (SOS) 
uses a battery of newly developed protein expres- 
sion technologies that allow it to guarantee deliv- 
ery of recombinant protein in a soluble format or 
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there will be no charge to the customer. The SOS 
technology makes use of 24 unique solubility opti- 
mization parameters applied to each expression 
clone. This screening results in soluble expression 
even in clones that were previously completely 
insoluble. As a result, the SOS service allows inves- 
tigators to avoid the expensive and time-consum- 
ing guesswork required to optimize conditions for 
maximum protein solubility and yield. Researchers 
simply submit their clones in plasmids under the 
control of a T7 polymerase promoter. Genlantis 
solubility experts will perform an SOS screening 
and return the desired quantity of soluble protein 
for each clone submitted. 

Genlantis division of Gene Therapy Systems 


For information 888-428-0558 |www.genlantis.com| 


Extraction Buffers 

Researchers have the choice of six different 
Focus-Extraction Buffers for two-dimensional 
electrophoresis that eliminate the risk of car- 
bamylation, a common problem with solutions 
containing urea. To avoid carbamylation, urea- 
based reagents must be prepared fresh for each 
use. Focus-Extraction Buffers can be prepared 
quickly in the exact volume needed. 
G-Biosciences/Genotech For information 


314-991-6034[www.GBiosciences.com] 
HS DNA Polymerase 


SpeedStar HS DNA Polymerase is a convenient, 
efficient DNA polymerase optimized for fast poly- 
merase chain reaction (PCR). Extension times as 
low as 10 sec/kb are possible, reducing total reac- 
tion times. SpeedStar reactions can be performed 
using standard PCR instrumentation. SpeedStar’s 
robust two-buffer system facilitates efficient 
amplification of varying size fragments (up to 20 
kb) with less optimization than other polymerases. 
Takara For information 888-251-6618 


ww.takaramirusbio.com 
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PCR Cloning Kit 

The StrataClone PCR Cloning Kits provide easy, 
fast, and reliable DNA topoisomerase | poly- 
merase chain reaction (PCR) cloning at an afford- 
able price. The StrataClone PCR Cloning Kit 
exploits the combined efforts of two enzymes, 
DNA topoisomerase | from Vaccinia virus and Cre 
recombinase from bacteriophage P1. Cloning 
with topoisomerase saves time and money with 
simple primer design, no PCR clean-up, and an 
easy, three-step process. In this system, topoiso- 
merase | is covalently bound to the cloning vec- 
tor arms. This ready availability of enzyme 
reduces the complexity of the reaction from three 
to two components and reduces ligation time 
from two or more hours to five minutes. 
Stratagene For information 858-373-6441 


lwww.stratagene.com/strataclone 


For more information visit Product-Info, 
Science's new online product index 


at |http://science.labvelocity.com 


From the pages of Product-Info, you can: 
* Quickly find and request free 


information on products and services 
found in the pages of Science. 

* Ask vendors to contact you with more 
information. 


* Link directly to vendors’ Web sites. 


Newly offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in academic, 
industrial, and government organizations are featured in this 
space. Emphasis is given to purpose, chief characteristics, and 
availability of products and materials. Endorsement by Science 
or AAAS of any products or materials mentioned is not implied. 
Additional information may be obtained from the manufacturer 
or supplier by visiting[www.science.labvelocity.comjon the Web, 
where you can request that the information be sent to you by 
e-mail, fax, mail, or telephone. 
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Biostatistician specialised 
in genomic data analysis 


Who we are 

Headquartered in Basel, Switzerland, Roche is one of the 
world's leading research-focused healthcare groups in 
the fields of pharmaceuticals and diagnostics. As a sup- 
plier of innovative products and services for the early 
detection, prevention, diagnosis and treatment of dis- 
ease, the Group contributes on a broad range of fronts 
to improving people's health and quality of life. Roche 
is a world leader in diagnostics, the leading supplier of 
medicines for cancer and transplantation and a market 
leader in virology. The Roche Center for Medical 
Genomics (RCMG) supports the preclinical and clinical 
development of new medicines as Roche's centre of 
excellence for innovative biotechnological applications. 


The position 

Within interdisciplinary teams, you will be responsible 
for the statistical analysis and reporting of various 
exploratory clinical and non-clinical projects based on 
genetic, genomic (RT-PCR and microarrays) and pro- 
teomic (protein arrays, multiplex ELISAs and MS-based 
data) experiments. You will collaborate on the design of 
experiments and define the appropriate analysis strategy. 
You will contribute to the development and implementa- 
tion of exploratory statistical methodologies. 


Who you are 

You have a PhD in Biostatistics with at least three years 
of postdoc or equivalent work experience. You have a 
strong background in the statistical analysis of genetic, 
genomic and proteomic data, and you are familiar with 
multivariate data analyses. You have relevant experience 
in clinical research/epidemiology. You are familiar with 
statistical packages applied to genomic data, such as 
the BioConductor packages, and with programming in 
object-oriented languages. You are fluent in English 
(written and spoken). You are willing to take responsibili- 
ty and accountability. You are also able to provide clear 
documentation and enjoy team work. 


Who to contact 

If the above profile fits your background and you are 
interested in this challenging position, please forward 
your application to: F. Hoffmann-La Roche Ltd., 

Ralph Gysin, PSHB-4, Building 52/202, P.O. Box, 4070 
Basel, Switzerland, quoting reference: Gr10428. For 
further information, please contact Dr Laurent Essioux, 
phone: +41 61 688 1507. 
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collaborative projects. By PETER GWYNNE 


Switzerland has a long history of success in the life sciences. The 
Alpine nation is the base for several multinational pharmaceutical 
firms and boasts a network of first rate universities and technical 
schools. But the fact that Switzerland is small in terms of both 
geography and population has begun to raise doubts that it can 
continue to maintain the highest quality of life science research 
against strong competition from larger nations. The Swiss federal 
government, along with industrial and academic leaders, has 
moved to quell those doubts by encouraging extension of a char- 
acteristic already ingrained in the Swiss scientific character: collab- 
oration. Government departments, academic centers, industrial 
research organizations, and private research institutions have start- 
ed to pool their resources in collaborative research projects 


As they seek to compete effectively with other global pow- 
ers in life science, Switzerland’s government and research 
institutions focus increasingly on encouraging large-scale 


Business Office Supplement 


designed to ensure that 
high quality life science 
research — along with top- 
notch life scientists — 


remains in Switzerland. [http://www.unige.ch] 


The collaborative initia- 
tives will plainly take time hittp:/7www.unizh.ch] 
to produce dividends. But 
observers are optimistic 
that they will succeed. “Switzerland still lags behind in the collabo- 
ration between universities and industry, with a historical and recip- 
rocal defiance," says Pierre Spierer, dean of the faculty of science 
and professor in the department of zoology and 
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animal biology at the University of Geneva. “But the focus of research 
of both academia and industry is becoming closer with the develop- 
ment of genetics in a broad sense, and the situation is improving rap- 
idly." Lutz-Peter Berg, a science attaché in the Swiss Embassy in 
London, agrees. "Like everywhere in Europe, the attitudes within uni- 
versities are changing, and the recent success for Swiss startup compa- 
nies tells me that the environment is good for academic-industrial rela- 
tionships," he says. 


Sufficient Size 

Hanns Mohler, former director of the Institute of 
Pharmacology and Toxicology at the University of 
Zurich and Zurich's Federal Institute of Technology 
(ETH), outlines the problem. "One of the critical 
points one would have to look at in the long run is 
whether life science projects in Switzerland are suf- 
ficient in size and scope to promote industry in 
Switzerland,” he explains. As a specific example of the concern he notes 
that Novartis, the giant pharmaceutical firm based in Basel, recently 
shifted its focus of R&D to Cambridge, Massachusetts. “Does that 
mean that Novartis is changing its emphasis away from Switzerland, 
even though it is also expanding in Basel?" Mohler asks. "The move 
contributed to an ongoing appraisal of the research landscape with the 
aim of promoting industrial investment in Switzerland.” 

In part, Novartis's move stemmed from fear that the underlying 
basis of Swiss life science was in decline. “We in industry, and also peo- 
ple in academia, have a sense that the infrastructure has kind of 
lagged,” says Paul Herrling, head of corporate research. “At a time 
when the United States National Institutes of Health trebled its budg- 
et, the Swiss National Science Foundation's budget has stagnat- 
ed. We're trying to persuade the government to arrest the stagnation 
that has gone on too long.” 

The government has already made moves to arrest the decline. 
Starting in 2001, for example, it set up a series of what it calls 
National Centers of Competence in Research (NCCRs). “The whole 
philosophy is to put together competence that would otherwise be 
kept isolated," says Pierre Magistretti, co-director of the Swiss Federal 
Institute of Technology's (EPFL's) Brain Mind Institute. Susan Gasser, 
director of the Friedrich Miescher Institute for Biomedical Research 
(FMI), outlines the goals of the NCCRs. "They don't replace the core 
funding or the core support from the institutes that they involve, but 
they provide that extra appeal to attract new people and to allow a 
few individuals to do something beyond what the standard funding 
would allow," she says. 


MICHEL AGUET 


For further valuable career advice, 


visit WWw.sciencecareers.org, 


click on Career Development. 
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A Recipe Book 

Mohler's institute in Zurich illustrates the scope of 
research supported by the program. “We are 
involved in the NCCR neuroscience,” he says. “We 
have come up with a whole recipe book of validated 
targets for drug development that industry can 
choose from. Several companies have picked it up 
and are developing agents along those lines. In 
addition, the NCCR neuroscience projects of Martin Schwab of the Brain 
Research Institute and Roger Nitsch of the University of Zurich's Division 
of Psychiatry Research have entered clinical development for the treat- 
ment of spinal cord injury and Alzheimer's disease, respectively.” 

Initial impressions suggest that the centers have started successful- 
ly. “They have been very effective at stimulating the life sciences by 
funding top academic scientists and allowing them to develop collab- 
orative projects," Spierer says. "They have provided an enormous stim- 
ulus in a few selected areas,” adds Isabel Roditi, director of the 
University of Berne's Institute of Cell Biology. “They will have long-term 
impact, as those funded so far have had their second four-year funding 
approved. Universities are establishing chairs as an indirect result of 
the process; this will have an impact 20 years from now." 

The concept also promises to change the basic approach to research. 
“The very good thing about the initiative is that it has added a dimen- 
sion to the individual principal investigator-based research concept, 
particularly with collaborations across areas of competence," says 
Michel Aguet, director of the Swiss Institute for Experimental Cancer 
Research. “The centers not only go across disciplines; they also cover 
larger areas in the same discipline, going from the laboratory to med- 
ical usage, for example." 

The NCCRs haven't gained universal approval. “My feeling is that it 
is a very good initiative in principle," says Hugh MacDonald, associate 

Sa] director of the Lausanne division of the Ludwig 
Institute for Cancer Research. “But the first round 
of the NCCRs in biology has tended largely to 
strengthen preexisting expertise in different insti- 
tutes, whereas the idea was to develop entirely 
new areas of research. But it's an important initia- 
tive and a lot of money by Swiss standards has 
been put into it." 


LUTZ-PETER BERG 


PETER VAN BLADEREN 


Systems X and Others 

Another stimulus for collaborative research focuses on a form of life sci- 
ence that, by its very nature, involves collaboration. "The Systems X ini- 
tiative plans a national network on systems biology," Spierer says. “Its 
important financing by the pharma industry is the stamp of future suc- 
cess." The initiative builds on research already under way at the Zurich 
ETH and the universities of Basel and Zurich. The network could extend 
in the future to the Lausanne Federal Institute of Technology and other 
major universities. “It is expected to provide an additional boost and 
increase the strength of the scientific network 
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“SWISS HOUSES” FOR SCIENCE - 


A UNIQUE PLATFORM FOR INTERNATIONAL EXCHANGE 


SCIENCE & INNOVATION: 
A DRIVING FORCE FOR SWISS DIPLOMACY 


The competitiveness of innovative countries like Switzerland will hinge on two 
factors: the capacity to maintain a world class “Brain Hub” and to have it 
thoroughly connected with all other major “Brain Hubs” in the world. While 
Switzerland has an established tradition in scientific excellence, it is now 
pioneering new ways for international exchange. 


Thanks to modern information and communication technologies, scientists 
worldwide are globally networked and can collaborate irrespective of time or 
location in a virtual space. This type of collaboration is efficient, but lacks the 
personal exchange that often inspires great science or creates unexpected 
opportunities. To paraphrase the futurist John Naisbitt: “the more highly 
developed the technology, the higher the need for personal contact” - perhaps 
this holds especially true for scientists. 


At a vibrant crossroads of academic, scientific, entrepreneurial, and artistic 
thought in the heart of San Francisco in the Silicon Valley, swissnex stimulates 
strategic reflection, exploration, and benchmarking and serves as a catalyst 
for change for both individuals and organizations. 


At swissnex, communities of expertise are formed to “connect the dots” - find 
valuable links and connections - within and across science, technology, 
education, business, innovation and art, bridging the knowledge and expertise 
of Switzerland, Canada and the U.S. swissnex and its partners assist in that 
process by organizing and hosting events, workshops, study tours, special 
projects, exhibits, one-on-one meetings, 
and many other activities to explore and 
share information and ideas. 


swissnex - “‘connecting the dots”, 
730 Montgomery Street, 
San Francisco, CA 94111, USA, 


into@swissnex.ors| 


A NEW CONCEPT: “SCIENCE CONSULATES” 


Switzerland has launched a unique platform designed to connect Swiss science 
and technology to the world’s most dynamic regions in education, research and 
innovation. “Science Consulates”, or “Swiss Houses for Science”, are official Swiss 
representations which operate alongside the traditional Embassies specifically 
focusing on science and technology. 


The world’s first three Swiss Houses in Boston, San Francisco and Singapore occupy 
their own premises right in the heart of their host regions and are run by 
multidisciplinary teams. Their mission is to strengthen Switzerland’s scientific 
presence abroad and to provide access to Swiss expertise in higher education, 
science and R&D. 


Working with academia as well as the private sector, Swiss House activities range 
from supporting scientific mobility to facilitating the collaboration of Swiss and 
foreign businesses in the areas of commercialising research and technology 
transfer. Equipped with state of the art infrastructure, the Swiss Houses also host 
seminars, workshops, exhibitions and discussion panels all proving to be excellent 
networking opportunities. 


Swiss House 


for Advancead Reasearch anc Ecucatio 


Consulate of Switzerland 


New challenges call for new responses. In 2000, the world’s first 
Scientific Consulate, called SHARE Boston was Switzerland’s answer to 
the challenge of keeping the country connected to the other major brain 
hubs in the world. Situated in the heart of a giant S&T cluster between 
Harvard University and MIT, the digital Consulate SHARE has become a 
brand name in the Greater Boston area for high level workshops, visits, 
panel discussions, concerts, art exhibits, video-conferences, etc. - always 
with a Swiss flavor. 


The combination of official representation and informal start-up 
atmosphere as well as its mixed public/private funding mechanism 
allow the spirited team of seven to engage in many lasting transatlantic 
projects beyond the hundreds of events which are routinely taking place 
at SHARE. Increasing number of sponsors and funds raised are proof of 
a successful product. Come and see for yourself! 


SHARE, 

Consulate of Switzerland, 
420 Broadway, Cambridge, 
MA 02138, USA, 
linto@shareboston.org 


SWISS SCIENCE REACHES OUT 


Since its launch in 2000, the Swiss experience with the novel concept of 
“Science Consulates” has been extremely positive. The international 
contacts have not only helped to bring people and cultures together but 
have also resulted in successful research and business collaborations. 
Together with the expanding number of Science & Technology Offices in the 
Swiss Embassies, the Swiss Houses now form a network of contact points 
which will help to keep Swiss science globally connected. 


lL 


SINGAPORE 


The Swiss House Singapore is a governmental information, coordination 
and networking platform supporting the international activities of 
Swiss institutions of higher learning, research institutes, as well as high 
tech start-ups in Singapore and the region. It acts as a promotional and 
bridging tool towards the Swiss education, research and innovation 
landscapes and is implemented in the heart of Biopolis, the new 
landmark research center in Singapore. It operates in synergy with 
academic, governmental and economic partners, and provides an 
integrated knowledge network to its users. It promotes partnering 
opportunities by organizing educational fairs, scientific symposia, 
technology roadshows and investors’ seminars, and offers state-of-the- 
art working space to partners from 
Switzerland, in a low risk, low cost, and 
proximity effective environment. 


Swiss House Singapore, 

60 Biopolis Street, #01-01/02 Genome, 
Singapore 138 672 
inrOo@swisshouse.org.sg) 


For more information on the Swiss S&T Network: 
iwww.,sbf.admin.chl 
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between more loosely active groups at different places,” says Klaus 
Miller, head of science and technology relations at F. Hoffmann-La 
Roche (Roche). 

A different federal organization, the Commission for Technology 
and Innovation (CTI), sets out to promote R&D projects that involve 
public-private partnerships. “Its role is to assure an efficient and 
result-oriented transfer of knowledge between universities and indus- 
tries; its objective is to bring science to market," Nestlé's Peter van 
Bladeren explains. 

Other large-scale forms of collaboration have begun on a regional 
basis. These include the Zurich MedNet, which brings together aca- 
demic research units and businesses in the greater Zurich area; BioAlps, 
which combines organizations along the lake shore between Geneva 
and Lausanne; and BioValley, a multinational collaborative that 
involves universities and companies in northwest Switzerland, south- 
west Germany, and eastern France. 

Another network involves a field that by its nature involves collabo- 
ration among disciplines. The Swiss Institute of Bioinformatics, a net- 
work of institutions in Basel, Geneva, Lausanne, and Zurich, hosts sev- 
eral databases, including the SWISS-PROT protein database. 


Industrial Experience 

Individual firms and universities have set up their 
own collaborative research enterprises. An initiative 
in systems biology that pharmaceutical firm 
Novartis started with the Universities of Basel and 
Zurich and the Zurich ETH illustrates the value of 
the collaborative approach. “The goal was to 
increase the predictability of our drug discovery," 
Herrling explains. “Universities were highly interested in this project, as 
it's the next step for them to understanding life. Both academic and 
industrial researchers were very keen on getting started on systems 
biology pathways. This combination of academic and industrial labora- 
tories helps to keep Switzerland at the leading edge of science in com- 
peting with the rest of the world." 

The Nestlé Research Center provides other examples of academic- 
industry cooperation in life science research. “We collaborate actively 
with several universities and Swiss federal institutes of technology,” van 
Bladeren says. “One interesting example is our long-term collaboration 
with EPFL for the creation and co-financing of a research group in sen- 
sory neurosciences. This group is focused on the mechanisms that allow 
the brain to integrate the various sensorial signals, one of the major 
challenges that neurobiology faces." 

Roche has its own example. "Collaborations with Swiss academia 
have always been important to us," Miller says. "We have recently set 
up a large-scale collaboration in systems biology that focuses on pan- 
creatic beta cells, suspected of playing a crucial role in the different 
stages of diabetes, with the University of Zurich and the Zurich ETH. 
We have collaborations also with the IBM Research Institute on novel 
miniaturized assays based on IBM's surface micro/nano-structuring 
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competence. And together with Novartis and the Max Planck Society, 
we operate a special beamline at the Paul Scherer Institute for struc- 
tural biology.” 
—— From Academia to Private Institutions 
| , Academic institutions have also started to develop 
2 | their own large-scale collaborative projects. "An 
roel important move at the national level is the collabo- 
rative program of the University of Geneva, the 
University of Lausanne, and the Lausanne ETH," 
Geneva's Spierer says. “As a result, the schools of 
pharmacy of Geneva and Lausanne were fused and 
located in Geneva, and Lausanne Federal Institute has absorbed the 
divisions of chemistry, physics, mathematics, and informatics from the 
University of Lausanne, and an Institute of Genomics has been created 
in Lausanne by the three institutions. Achieved last fall, this was the 
first large restructuring of the landscape of higher education in 
Switzerland. It is the prototype of future moves, in particular in the 
Zurich-Basel region." 

Similarly, private research institutions emphasize collaborative proj- 
ects. "Probably 50 percent of our research is collaborative - maybe 25 
percent with Novartis and 25 percent with academia,” FMI's Gasser 
says. “We are very open to exchange.” 

As those examples show, collaboration is hardly foreign to Swiss 
academic and industrial institutions. “Most definitely there is a culture 
of collaboration," Gasser points out. “Our institute, funded by the 
Novartis Research Foundation, has funding opportunities specifically 
earmarked for industry-academic collaborations. We have about 100 
graduate students who go back and forth between academia and 
industry-funded research institutes. If the cross-feeding starts early 
with the students, you know it will continue.” What is new is the focus 
on larger-scale collaborations that span several fields, move well along 
the chain between bench and bedside, and aim for commercial results. 
“There is already a long tradition of collaboration between universi- 
ties, research institutes, and industry — for example, in the pharma sec- 
tor or in engineering,” the Swiss Embassy's Berg says. “But of course, 
Swiss research institutions are currently putting a lot of effort into 
optimizing technology transfer." 


PIERRE MAGISTRETTI 


No Firm Can Do It All 

From the pharmaceutical industry's point of view, 
the increased focus on collaboration marks a recog- 
nition that no firm, however large, can undertake all 
the research it needs to create new drugs. “The 
basic research we are not doing in-house has to 
happen in academic labs," explains Novartis's 
Herrling. “The only way to be on top of that and to 
learn is to collaborate with the academics. You need an interactive 
team of your own scientists working with them; if you just give them 


money and come back in five years, you won't CONTINUED » 


HANNS MOHLER 
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Senior Research Investigator in Global 
Discovery Chemistry 
Job ID 7882BR 


Responsible for the design and synthesis of novel, selective 
chemical entities, you'll strive to create an inter-disciplinary focus 
for the discovery of new drug treatments. With genuine proficiency 
in medicinal chemistry, you’ll contribute effectively to our drug 
development programme and act as Deputy Team Leader. 


You must possess: 

@ A PhD in Synthetic Organic Chemistry and at least one year of 
postdoctoral experience in an academic setting 

@ A background in medicinal chemistry within drug discovery 

@ expert knowledge of a variety of synthetic methods and 
multi-step organic synthesis 

@ A commitment to multi-disciplinary working 


@ Leadership and communication skills combined with fluency in 
English and German. 


Research Investigator in Global 


Discovery Chemistry 
Job ID 7881BR 


You’ll make essential contributions to the discovery of new drug 
candidates for the treatment of a variety of diseases. Your 
responsibilities will include the design and synthesis of novel 
selective chemical entities and you'll operate as part of a 
multidisciplinary team of Chemists, Biologists, Structural 
Biologists and Modelers. 


Novartis Pharma AG, WSJ-386.12.21, CH-4002 Basel, Switzerland. 


Novartis is an equal opportunity employer. 


www.careers.novartis.com 


Are you looking to work in a global growth company where you can make a real difference? 
With about 81,400 associates around the globe in our affiliates in over 140 countries, we share a 
vision of a better today and tomorrow for patients — a vision that drives our growth and success. 
Our greatest job satisfaction is knowing that we improve lives, we extend lives, and we save lives - 
and we do it with increasing precision and efficiency through breakthrough science and innovation. 


Based at Global HQ, Basel, Switzerland 


We're looking for: 


@ A PhD in Synthetic Organic Chemistry 

@ Experience as a medicinal chemist in the pharmaceutical or 
biotech industry 

@ An extensive background in the application of synthetic 
methods and multi-step organic synthesis 

@ The ability to perform independent research 

@ A talent for working as part of an inter-disciplinary team 

® Good communication skills combined with an _ excellent 
command of English and German. 


Research Investigator Molecular 
Imaging Chemistry 
Job ID 9071BR 


As laboratory head, you'll play a vital part in the discovery, 
validation and development of new PET ligands. In fact, your 
expertise in PET radiochemistry will support the detection of 
translational molecular imaging tools. We'll also rely on you to 
facilitate the interactions between the multi-disciplinary 
medicinal chemistry and biology programmes as well as support 
projects shared with our academic and industrial partners. 


You should have: 


@ Skills in all the stages of molecular imaging probe development 

@ Experience in the design of radioligands and the synthetic 
preparation of ligand candidates 

@ Knowledge of labelling strategies for the production of 
radiolabeled ligands and interpretation of data 

@ A track record of successful imaging projects 

@ Strong leadership and communication skills. 


To find out more, please visit our website WWW,Careers novartis.comland go to 
the relevant job ID to apply online. Applications can be also be posted to 


NOVARTIS 
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Business Office Supplement 


understand what's happening. So interacting with academia is very 
much a fundamental aspect of our strategy." 

Cooperative research doesn’t stop at the border. “I have had 
two long collaborations with the Swiss Tropical Institute in Basel 
and the Institute of Biochemistry and Molecular Medicine in 
Berne," says Roditi of the Institute of Cell Biology. “I have also 
collaborated with institutes in the United Kingdom, Belgium, and the 
United States." FMI integrates from the inside. “Our institute has a very 
international character. We have very few graduate students from 
Switzerland; most are foreigners,” Gasser says. “This exchange of people, 
ideas, and material is true of Switzerland in general; it's a very open 
research community. For Switzerland to survive, it has to collaborate. 
That opened a tradition." 

The developing tradition of extra support for collaborative research 
strikes a particular chord in translational research, which involves coop- 
eration between scientists in the laboratory and the clinic. “Our branch 
in Lausanne is totally dedicated to immunology, from very basic research 
to how the immune system develops through to how it functions,” the 
Ludwig Institute's MacDonald explains. “We go from basic research to 
patients — a nice mixture to have in one organization. We can legiti- 
mately say that our research covers the area from bench to bedside, 
which is unusual for a small institute with fewer than 40 people." 


The Emergence of Translational Medicine 
Aguet of the Swiss Institute for Experimental Cancer 
Research takes a similar view. “Translational medi- 
cine is getting very important,” he says. "We have a 
good reputation in basic research on cell cycles and 
cell division. Now we have a major effort in genom- 
ic stability, telomerase, and development pathways 
in cancer. Based on these themes, we wanted to 
move to medically oriented research. We have moved to cooperate with 
the local hospital in investigating tumors and cell migration — major 
aspects of tumor biology that need tumor pathology." 

Like other institutions, Aguet's institute seeks scientists prepared to 
work on collaborative projects. “We will be in partnership with the 
Federal Institutes of Technology in Zurich and Lausanne, so we are hir- 
ing more aggressively,” Aquet says. "We are looking for junior and sen- 
ior people starting now in cancer research. We need to have both very 
strong basic researchers and researchers with a genuine interest in get- 
ting close to the clinic. But it is more difficult to find competent peo- 
ple in the transition field.” 

Elsewhere, EPFL's Brain Mind Institute has openings in cellular neu- 
robiology and neuropharmacology. “And we have strong development 
in computational modeling for neuroscience, as illustrated by the Blue 
Brain supercomputer project," Magistretti says. Roditi's team at the 
University of Berne plans soon to recruit Ph.D.s and postdocs with train- 
ing in cell biology, molecular biology, and biochemistry. In industry, 
says van Bladeren, “Nestlé is moving from being a ‘respected and trust- 
worthy food company’ to being a ‘respected and trustworthy food, 
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nutrition, health, and wellness company." That means recruitment of 
“young and more senior scientists for all our departments in all major 
areas, from behavioral sciences to life sciences, and from quality and 
safety to food technology," van Bladeren continues. 


A Feel for Collaboration 
Collaborative research obviously demands scientists 
with a bent toward cooperation. “Collegiality and 
communication skills are important, along with 
aed great curiosity in research," Roditi points out. “In 
addition, you should not have fixed opinions in 
advance and you should retain the ability to be sur- 
prised." Gasser agrees that “communication skills in 
any way, shape, or form are essential for our recruits. And above all | 
look for creativity; | want the bright ideas." 

Heiko Bruhn, deputy head of human resources in Roche's Basel 
office, outlines the typical qualities that Swiss industry seeks in its sci- 
entific recruits. “The training should be in depth in a given discipline, 
such as chemistry, biology, pharmacology, or medicine, but broad and 
cross-disciplinary so that candidates are fit for the challenging multi- 
disciplinary nature of our modern pharmaceutical research," he says. 
“Optimally, training should be performed within the contexts of fron- 
tier research projects. In the future we will look for people with M.D. 
and Ph.D. degrees. This ‘double education’ will help researchers to find 
the right answers in medicine as well as to understand the methodol- 
ogy of science." 

Nationality is relatively unimportant to Swiss recruiters. "We recruit 
a number of junior scientists, mostly Swiss who have gone abroad for 
postdocs and have done well,” the Ludwig Institute's MacDonald says. 
“We also have a lot of German and French scientists. The big attraction 
is limited responsibility outside research. They have virtually no teach- 
ing responsibilities; that especially attracts young people.” And English 
speakers who worry about the need to communicate in other lan- 
guages need fear no more. FMI provides a typical example. “In 
Switzerland the scientific language is English,” Gasser says. "The whole 
institute speaks English. I've hardly spoken German since | came here 
from the University of Geneva a year ago." 


ISABEL RODITI 


Spreading the Word 

The Swiss government, meanwhile, continues to 
promote its support of collaborative research. “It is 
stepping up its efforts to keep Swiss science glob- 
ally connected by setting up a network of interna- 
tional science and technology offices and dedicat- 
| ed ‘science consulates’ around the world," says Berg 
of the London Embassy. Their objective: “To facili- 
tate international collaboration and mobility." 


PIERRE SPIERER 


A former science editor of Newsweek, Peter Gwynne|(pgwynne767@aol.co 


covers science and technology from his base on Cape Cod, Massachusetts, U.S.A. 
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Research group leaders: 

Joy Alcedo / Silvia Arber 

Pico Caroni / Ruth Chiquet-Ehrismann 
Rafal Ciosk / Witold Filipowicz 
Susan Gasser / Helge Grosshans 
Brian Hemmings / Jan Hofsteenge 
Nancy Hynes / Andreas Liithi 

Patrick Matthias / Andrew Matus 
Frederick Meins / Denis Monard 
Yoshikuni Nagamine / Thomas Oertner 
Antoine Peters / Botond Roska 

Dirk Schiibeler 


" 


of ee 
Topics include: 


Synaptic plasticity / Neuronal connectivity 

Function of neuronal networks / Cell specification 
and differentiation / Cell cycle and cancer / 

Signal transduction / Biology of aging / DNA and RNA 
dynamics and function / Cell-cell and cell-matrix 
interactions / Epigenetic regulation and chromatin 
modification / Gene expression and silencing / 
Proteomics and genomics 


Our international PhD programme has 100 graduate 
students from more than 25 countries. The working 
language is English. Most students are registered 


For application forms and 
further information, contact: 
secretary@tmi.ch| 


Application deadlines: 
9 May 2006 


Friedrich Miescher Institute 
for Biomedical Research, 
Maulbeerstrasse 66, 

4058 Basel, Switzerland 


at the University of Basel. 


www.tmi.ch 


Eidgendssische Technische Hochschule Zarich 
Swiss Federal Institute of Technology Zurich 


Professor of Climate Geology 


The Department of Earth Sciences of ETH Zurich invites 
applications for the position of Full Professor of Climate Geology 


We are seeking a scientist with a strong background in the 
investigation of the role of climate in the functioning of Earth 
surface systems. The new professor will develop a vigorous 
research program aimed at understanding the coupling between 
climate and the geosphere-biosphere, which might include, for 
example, the extraction of high resolution climate proxies from 
the stratigraphic record, or the modeling of complex surface 
systems perturbed by climate change. We expect the new 
professor to interface strongly with existing interdisciplinary 
research themes at ETH, nationally and internationally, and to 
actively cooperate within the new School Domain of Earth, 
Environment, and Natural Resources. 


The new professor and his or her staff will offer introductory 
courses in Earth systems at the Bachelor level and advanced 
courses covering aspects of Earth’s climate, climate history, 
and use of climate proxies at the Master level. Courses at Master 
level may be taught in English. He or she will be expected to 
contribute to the Department of Earth Science’s fieldwork program 
and to supervise graduate students. 


Applicants should submit a detailed resumé, a publication list, a 
statement of research interests, and the names of three potential 
referees to the President of ETH Zurich, Prof. Dr. E. Hafen, 
ETH Zentrum, CH-8092 Zurich, Switzerland, no later than 
April 15, 2006. ETH Zurich specifically encourages female 
candidates to apply with a view towards increasing the proportion 
of female professors. 


Eidgendssische Technische Hochschule Zurich 
Swiss Federal Institute of Technology Zurich 


Professor / Assistant Professor (Tenure Track) in 
Environmental Physics of Terrestrial Systems 


The Department of Environmental Sciences of ETH Zurich invites applications 
for a faculty position in the environmental physics of terrestrial systems with 
a primary focus on soil processes and interactions at the soil-plant and soil- 
atmosphere interfaces on spatial scales from the local to catchment. Candidates 
are expected to have a strong background in physics, mathematical modeling, 
soil hydrology, transport and transfer processes in porous media, to possess 
an excellent international track record in research, and to be motivated and 
capable teachers. Furthermore, they should be interested in both disciplinary 
as well as system-oriented multidisciplinary research and be able to lead a 
research team. While the position will preferably be filled at the assistant 
professor level, well-established candidates with an outstanding record and 
high international visibility will be considered for a tenured position at the 
level of an associate or full professor. 


Assistant professorships at ETH Zurich have been established to promote the 
careers of younger scientists. The initial appointment is for four years with 
the possibility of renewal for an additional two-year period and promotion to 
a permanent position. 


Successful candidates are expected to develop an innovative research program, 
making an important contribution to the understanding and modeling of flow 
and transport processes in the soil-plant-atmosphere continuum from local to 
catchment scales. Particular weight will be given to individuals pursuing such 
research in relation to land use and land management. Teaching duties will 
include both introductory and advanced-level courses in the physics of terrestrial 
systems, in particular of soil and its interfaces to the litho-, hydro-, atmo-, and 
bio-spheres. Courses at Master level may be taught in English. 


Applications with a curriculum vitae and a list of publications should be sent 
to the President of ETH Zurich, Prof. Dr. E. Hafen, ETH Zentrum, CH- 
8092 Zurich, Switzerland, no later than April 15, 2006. ETH Zurich 
specifically encourages female candidates to apply with a view towards increasing 
the proportion of female professors. 
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Director ICSU 
ICSU Regional Office for Asia and the Pacific 7 


The International Council for Science (ICSU) invites applications from citizens in developing 
countries of Asia and the Pacific for the post of Director of its Regional Office for Asia and 
the Pacific, which is being established at the Academy of Sciences Malaysia, Kuala 
Lumpur, Malaysia. 


ICSU is a non-governmental organization consisting of 104 National Members and 29 
Disciplinary Scientific Unions. Further information about ICSU can be found at 


This Regional Office will be responsible for the promotion of increased participation of 
the region in ICSU programmes and activities. Thus, the Office will assist in strengthening 
science and scientific capacity building in Asia and the Pacific. 


The Director will be responsible for the activities of the Regional Office under the direction 
of the ICSU Executive Director. The initial staff of the Office will consist of a total of three 
persons. The Director will be appointed for a term of three-years, renewable, under the 
general conditions applicable to staff at Academy of Sciences Malaysia. 


The successful candidate will have an MSc/PhD degree in a relevant discipline and be 
fluent in written and spoken English. The candidate should have experience of international 
research collaboration and writing of grant proposals. The monthly salary range will be 
RM 10,000-15,000 with the maximum equivalent to a senior professor in the Malaysian 
system. The Director will be employed by the Academy of Sciences Malaysia but the 
Director and the Regional Office are directly responsible to the Executive Director of 
ICSU. Strategic and work plans are decided on by the ICSU Regional Committee for Asia 
and the Pacific. 


Application including (i) CV, (ii) a brief note outlining the strengths the candidate can 
bring to the ICSU Regional Office and (iii) names and addresses of three referees should 
be sent to: Professor Thomas Rosswall, Executive Director, International Council for Science 
(ICSU), 51 boulevard de Montmorency, FR-75016 Paris, France, e-mail: 


tel. +33 (0)1 45 25 03 29, fax. +33 (0)1 42 88 94 31. 


Applications should be received no later than 15 March 2006. It is expected that the 
Director will start his/her appointment as soon as possible and no later than 1 July 2006. 


UNIVERSITE DE GENEVE 


UNIVERSITY OF GENEVA 
The Department of Molecular Biology 
seeks a 
Full , Associate, or Assistant 
Professor in Molecular Biology 
(Professeur ordinaire, 
adjoint ou assistant) 


The successful candidate is expected to 
maintain or establish a strong research 
program in molecular life sciences. Can- 
didates studying important biological 
problems with novel chemical, genetic 
or biophysical approaches will be given 
special consideration. Undergraduate 
teaching in French is required, but a 
grace period can be granted. The earli- 
est starting date is 1 October, 2006. Can- 
didates holding a Ph.D. or equivalent 
degree should send their application, 
including CV, list of publications, and 
statement of research interests to the 
Dean of the Faculty of Sciences, 30, Quai 
Ernest-Ansermet, CH-1211 Geneva 4, 
Switzerland, and as a single PDF file to 


Deadline for receipt of applications is 1 
June, 2006. Further information can be 
obtained from the director of the Depart- 
ment of Molecular Biology (David Shore, 
email: [David. Shore@molbio.unige.ch]. 
Applications from women are particularly 
welcome. 


PHILIPPS-UNIVERSITAT 
MARBURG 


University of Zurich 


The Division of Psychiatry Research of the University of 


Professor 


Zurich is looking for: 


of Chemical Biology 


The Faculty of Chemistry has a vacancy for a professor of 
chemical biology. 


Salary scale and conditions: W 3 
Starting date: as soon as possible by arrangement 


The person appointed will be expected to teach courses to 
students with chemistry as a main subject and a minor subject. 
The appointee will also be expected to cooperate in the following 
research field: functional chemical-biological hybrid compounds. 


Special conditions: 

The conditions of employment set down in paragraph 71 of the 
Hessen State Law on Higher Education will apply. Initially the 
person appointed will receive a three year contract unless the 
person was previously employed at a university in an academic 
position for at least six years. Subject to evaluation, the position 
may become tenured. 


Applications with usual documents accompanied by offprints of 
a maximum of 5 publications should be sent by mail to: 
Prasident, Philipps-Universitat, BiegenstraRe 10, D-35032 
Marburg. 


Closing date: March 31, 2006 


Philipps-Universitat Marburg is an equal opportunities employer. 


— Graduate Student 100% -——_ 


for participation in neurobiological research projects in 
the field of biomarker discovery in CSF and plasma for 
diagnosis of Alzheimer’s Disease. 


The successful candidate should be familiar with 
biochemical methods such as Western Blotting, 
Chromatography, ELISA, Mass Spectrometry and 
Proteomic-Technologies. 


— Clinical Research Fellow 100% — 


for participation in clinical research projects in the field 
of molecular in vivo imaging of pathology in patients with 
Alzheimer’s Disease by MRI and PET/CT. 


The successful candidate should be a MD and have 
clinical experience in psychogeriatrics or neurology. 


Please send your application documents to: 


Estelle Obrist, Executive Assistant, 
Division of Psychiatry Research, 
Psychiatric University Hospital, University of Zurich, 
Lenggstrasse 31, P.O. Box 1931, 

CH-8032 Zurich, Switzerland. 
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FACULTY POSITIONS 
DEPARTMENT OF PHYSICS 
THE UNIVERSITY OF TEXAS 

AT AUSTIN 


The Department of Physics at The University 
of Texas at Austin is seeking candidates for 
tenure track assistant professorship positions 
in physics starting in September 2006. In spe- 
cial cases, appointments at more senior levels 
will be considered. Successful candidates 
will assume full teaching responsibilities for 
undergraduate and graduate courses in the 
Department of Physics and are also expected to 
conduct vigorous research programs. Research 
areas of current highest priority for the Depart- 
ment are Biophysics/Soft-Condensed Matter 
Experiment, Cosmology/Relativity/Theoretical 
Physics, AMO/Quantum Information Science, 
Condensed Matter/Nanoscience Experiment, 
and Particle/Astrophysics Experiment. Out- 
standing candidates in other areas of departmental 
focus will also be considered. Excellent English 
language communication skills are required. 
Applicants must have a Ph.D. (or equivalent) 
and a demonstrated potential for excellence in 
teaching and research. 


Interested applicants should send a curriculum 
vitae, a list of publications, a statement of research 
interests, a research plan, and should arrange for 
at least five letters of recommendation to be sent 
to: Prof. John T. Markert, Chair, Department 
of Physics, The University of Texas at Austin, 
1 University Station C1600, Austin, TX 78712- 
0264. Review of completed applications has 
already begun and is ongoing. 


The University of Texas at Austin is an Equal 
Opportunity/Affirmative Action Employer. 


Ws GrieRt 


Excellence, equity & 
innovation. 
Get Smarter. 


ACADEMIC 


ASSISTANT/ASSOCIATE/FULL PROFESSOR 
(2 POSITIONS) 
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he department of Biological Sciences 
nd the Border Biomedical Research 
Center (BBRC) at the University of Texas at 
El Paso (UTEP) is seeking pathogenic 
microbiologists/virologists at the junior 
nd senior professor level who are 
ommitted to research and teaching. 


QUALIFICATIONS: Ph.D. or M.D. in related 
field and post-doctoral training required. 
Applicants should possess the ability to 
develop an independent extramurally 
funded research program in area related 
to infectious disease/bioterrorism/vaccine 
development. Researchers requiring BSL-3 
facilities are particularly encouraged to 
apply. Preference will be given to candidates 
whose research interests fit with the mission 
statement of UTEP and the BBRC 
jwww.utep.edu/Diology/general/into.htm| 
APPLICATION: Interested candidates 
should submit a curriculum vitae, a brief 
statement of research and teaching interests 
and contact information for three references 
to: Siddhartha Das, Ph.D., Chair, Microbiology/ 
Virology Search Committee, Department 
of Biological Sciences, University of Texas 
at El Paso, El Paso, TX 79968-0519. Email: 
Eseduterey Review of applications 
will begin immediately and will continue 
until the positions are filled. Posted 
January 18, 2006. 
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The University of Texas at El Paso is an Equal Opportunity/ 


Affinmative Action Employer. 


www.utep.edu 


Research Leadership 
‘Next Phase’ Appointments 


Griffith University has created Strategic Research Programs in its areas of key 
research strength. 


A number of ‘Next Phase’ appointments will be made to ensure that Griffith 
University continues to grow as a research intensive University of world class 
standing. 


The University seeks researchers of international standing, or who have 
a demonstrated capacity to achieve that status to join these dynamic 
interdisciplinary research teams. 


Professor or Associate Professor 
Water Sciences 


Faculty of Environmental Sciences 
2 appointments - Nathan campus and Gold Coast, Queensland, Australia 


The Strategic Research Program in Water Sciences builds on Griffith's long- 
established record of research excellence in the environmental sciences. The 
particular strengths include: freshwater and coastal ecosystems, and catchment 


and water resource management. Water research at Griffith University is currently 


focused in two Centres - Riverine Landscapes led by Professor Stuart Bunn 

(Nathan) and Aquatic Processes and Pollution led by Professor Joe Lee (Gold 
Coast). 
The University is also a partner in a new International Water Centre, the eWater 
Cooperative Research Centre, and is currently leading a bid to establish a major 
water research facility to be based at the Gold Coast campus. 


The two researchers are expected to take lead roles in one or more of the 
following areas - cultural and ethical aspects of water; economics, including 


valuation of ecosystem goods and services; aquatic biodiversity and conservation; 


aquatic ecosystem health assessment, including ecotoxicology; innovative water 


quality monitoring; water-borne pathogens and diseases. 
Successful candidates will have: 


+ international standing in their field or demonstrated potential to achieve 
international status 


+ a history of excellent research and publications 
+ a successful record for winning competitive grants 


+ an ability to work cooperatively with other members of their Strategic Research 


Program and related centres 


- innovative and active research plans in the areas to which the Strategic Research 


Program is committed. 
The appointments are on a continuing basis and appointees will be research and 
research leadership focused for at least the first five years. 
Salary range: Professor A$119,193 per annum 
Associate Professor A$¢92,531 - A$101,941 per annum. 


Plus 17% employer superannuation contribution 


For a confidential discussion and further Information please contact the 
Consultant assisting the University: 

BSP EXECUTIVE SEARCH 

Professors of Water Science 


Dr Jim Sait + 61 2 8904 1532 and + 61 400 292 322 orjim@bspes.com 


Closing Date: 17 March 2006 


executive Braithwaite 
search B P Steiner 
| Pretty 


1 | Go to[www.griffith.edu.au/hrm/employment/]for 


When further information on the position and selection criteria. 


Applying: 2 | Follow the specific application process for that position. 


3 | Applications can be lodged in electronic or hard copy form. 
All applications will be acknowledged. 


TMP D003398 


GOLD COAST LOGAN MT GRAVATT NATHAN SOUTH BANK |fwww.gritfith.edu.au] 
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Positions 


IN 


tTHt NATIONAL INSTITUTES OF HEALTH 


NIDDK ©) Staff Scientist Position 


Isotope Ratio Mass Spectrometry Laboratory 


The National Institute of Diabetes & Digestive & Kidney Diseases (NIDDK) is establishing a new core facility named the Isotope 
Ratio Mass Spectrometry Laboratory and invites applications for a mass spectrometrist. The candidate will have the opportunity 
to set up the mass spectrometry laboratory and then operate and maintain the instrumentation, design and execute experiments in 
close cooperation with clinical investigators, and participate in the interpretation of the results. The candidate will participate in 
research meetings and communicate laboratory activities and findings orally and in writing as required. The candidate will work 
on cutting-edge research in a network of internationally renowned scientists and will enjoy the benefits of joining a supportive 
scientific community. 


Experience in gas chromatography, liquid chromatography and isotope ratio mass spectrometry techniques is required. Prior 
knowledge of the theoretical and practical matters related to preparation and analysis of biological samples for isotopically labeled 
glucose, lipid and doubly labeled water experiments is preferred. 


This core facility is located on the main NIH campus in Bethesda, Maryland, a suburb of Washington, D.C. Clinical investigators 
comprising the major points of contact for this position perform patient-oriented research in a number of areas of endocrinology 
and metabolism with a special emphasis on studies of obesity. Salary and benefits will be commensurate with the experience of 
the applicant. 


The successful candidate will have a Masters or Ph.D. in analytical chemistry, biochemistry or a related field, with knowledge and 
interest in the following: liquid/gas chromatography and isotope ratio mass spectrometry. Interested candidates should submit a 
curriculum vitae, bibliography, a summary of accomplishments and arrange for three letters of reference to be sent to: 


Ms. Jackie Collier, Office of the Director, Division of Intramural Research, NIDDK, National Institutes of Health, Bldg. 10, 
Room 9N222, MSC 1818, 9000 Rockville Pike, Bethesda, MD 20892. 


NIDDK (©)  Immunologist Tenure Track Position 


The Diabetes Branch of the National Institute of Diabetes & Digestive & Kidney Diseases, National Institutes of Health, is recruit- 
ing a qualified and experienced M.D. or Ph.D. with an interest in pursuing immunological research designed to either elucidate the 
autoimmune process underlying Type | diabetes mellitus (T1DM), develop assays for monitoring that autoimmune process, and/or 
test immunological interventions to ameliorate the process. The tenure track incumbent would manage his or her own research 
program but would also be expected to collaborate with existing investigators pursuing basic and clinical research, both within the 
Diabetes Branch and the broader NIDDK/NIH community. 


The Diabetes Branch conducts basic and clinical research designed to better understand the immune-mediated beta cell destruction 
that underlies T1DM, and/or the target of this auto1mmune process - the pancreatic beta cell. Toward that end, Branch investigators 
have pursued studies ranging from basic biochemical laboratory projects to studies involving a mouse model developed within the 
Branch, to non-human primate studies, and to clinical and epidemiological studies. While the path toward a T1DM cure remains 
blocked by several hurdles, the pre-eminent one is an incomplete understanding of the chronic autoimmune process that causes the 
disease. In addition, investigators interested in overcoming that autoimmune illness are plagued by the lack of assays to follow the 
autoimmune response and safe therapies for interdicting the autoimmune process. 


The Diabetes Branch of NIDDK is located on the main campus of the NIH in Bethesda, Maryland, a suburb of Washington, D.C. 


Competititve salary and benefit packages are available. Interested applicants should send a Curriculum Vitae and list of publica- 
tions, copies of three major publications, a summary of research accomplishments, a plan for future research, and three letters 
of recommendation by April 15, 2006 to Dr. David Harlan, Chair, Search Committee, c/o Ms. Guerdy Toussaint, Diabetes 
Branch, NIDDK, NIH, Building 10 CRC, Room 5W-5940, 10 Center Drive, Bethesda, MD 20892-1453. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 
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NIDDK ©) PostpocTORAL FELLOWSHIPS IN SIGNALING PATHWAYS AND DISEASE 


Postdoctoral Fellowships are available in the Division of Intramural Research, NIDDK, NIH. The intramural program of the NIH offers an outstanding research 
environment and has been rated by The Scientist as one of the top places for post-doctoral fellows to work. It is located on the main campus of the NIH in 
Bethesda, Maryland, a 20-minute ride from Washington, D.C. Applications are invited from individuals of the highest caliber who have obtained a Ph.D., or M.D. 
degree within the last 5 years. Salary and benefits will be commensurate with the experience of the applicant. Interested candidates should send their curriculum 
vitae, list of publications, a letter stating their interests and the names of three references to the appropriate individual by e-mail or by regular mail. Positions 
are available in the following areas: 


GNAS imprinting and role of the G protein G.a in metabolic regulation 
GNAS is a complex imprinted gene with multiple gene products including the stimulatory G protein G,a which is the underlying disease gene for several disorders 
of hormone signaling. Our laboratory studies the mechanisms of GNAS and G.a imprinting in mouse models and in patients with GNAS imprinting defects. We 
are also studying the role of G.a and other GNAS gene products in metabolic regulation using several germline and tissue-specific Gnas knockout mouse models. 
(Lee S. Weinstein, MD, Bldg. 10 Rm. 8C101, NIDDK/NIH, Bethesda, MD 20892; leew@amb.niddk.nih.gov). 


Molecular Genetics of Signal transduction/tumorigenesis 
We have helped discover two genes causing hereditary endocrine cancers (MEN/ and HRPT2). Our efforts are directed at the function of menin, the encoded protein 
from the MEN] tumor suppressor gene. With protein-protein interaction methods, we have identified four menin partners. Our lab also collaborates extensively 
with other labs in the NIDDK, NCI and NHGRI to study the function of menin in Drosophila and in knockout mice. This position involves creativity and lab 


expertise with cutting-edge methods. (Stephen Marx MD, Bldg. 10 Rm. 9C101, NIDDK/NIH, Bethesda, MD 20892; [StephenM@intra.niddk.nih.gov). 


Molecular Biology AND Genetics 
A post-doctoral position is available to study the mechanism of BRCA1-associated tumorigenesis (visi _http://www.niddk.nih, 
details). A strong background in a, biology and/or aa transduction is required. (Chuxia Deng, PhD, Building 10, Room 9N105, 10 Center Drive, 


Bethesda, MD 20892-1812; (ChuxiaD@bdglU.niddk.nih.govj Tel: (301) 402-7225; Fax: (301) 480-1135). 


Ws 


The National Institute of Allergy and Infectious Diseases (NIAID), a major 
research component of the NIH and the Department of Health and Human 
Services, is recruiting for a Post-doctoral Fellow or Research Fellow. The posi- 
tion is available in the Bacterial Toxins and Therapeutics Section of the newly 
formed Laboratory of Bacterial Diseases (LBD). The LBD will be located in 
new and well-equipped facilities on the main NIH campus. Scientists with a 
M.D., Ph.D., or DVM are eligible. The Research activity involves (1) char- 
acterization of bacterial virulence factors, particularly toxins, proteases, and 
hemolysins, in both cultured cells and animal infection models; (2) structure- 
function analyses of protein toxins; (3) study of gene regulation in Bacillus 
anthracis; (4) identification of new candidate vaccines and therapeutics for 
anthrax; and (5) development of toxin variants that target specific cell types, 
e.g., malignant cells. This full-time research position offers a unique oppor- 
tunity to work on investigations that range from basic molecular biology to 
development of vaccines and therapeutics, and it provides excellent training 
for newly graduated Ph.D. scientists, for postdoctoral scientists, and for MD’s 
at all levels of training who plan a career in research in infectious diseases. 
The salary range for Post-doctoral Fellows is $38,500-56,900, depending on 
experience. Research Fellow applicants should have three or more years of 
post-doctoral experience; the salary range is $40,974-72,990. Applicants with 
an MD degree are eligible for the NIH Loan Repayment Program. Applicants 
should send their curriculum vitae, a letter of interest, and names and addresses 
of three (3) references to Stephen Leppla, 30 Convent Drive, MSC 4349, 
Building 30, Room 303, Bethesda, MD 20892-4349, FAX: (301) 480-0326, 


email:[sleppla@niainih. gow] 


Postdoctoral Fellowships 
Intramural Research Program 
National Institute of Mental Health 
Bethesda, Maryland, USA 


The National Institute of Mental Health (NIMH), Section on Neural 
Gene Expression, seeks two broadly trained neuroscientists with back- 
grounds in rodent behavioral testing. Experience with biochemistry and/ 
or molecular biology is highly desirable. The fellows will study knock- 
out and transgenic mice as part of investigations into the regulation and 
roles of vasopressin, oxytocin and their receptors in the brain. 


NIMA 


National Institute 
of Mental Health 


Positions are available spring or summer 2006 and 2007. 


Applicants should have a Ph.D. or M.D. degree with less than five years 
of postdoctoral experience. 


NIMH is a major research component of the National Institutes of 
Health and the Department of Health and Human Services, which have 
nationwide responsibility for improving the health and well being of all 
Americans. Interested applicants should send curriculum vitae, bibli- 
ography, together with three letters of reference to: Dr. Scott Young, 
Chief, Section on Neural Gene Expression, NIMH, 9000 Rockville 
Pike, Building 49, Room 5A-56, Bethesda, MD 20892-4483, USA; 


or e-mail tolwsy@mail.nih. gov] 
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JOHN B. PIERCE LABORATORY/ 
YALE SCHOOL OF MEDICINE/ 
YALE UNIVERSITY 


* te 1933 %* 


The John B. Pierce Laboratory, an endowed research institute affiliated with 
Yale University, seeks to expand its programs in body energy balance and 
sensory neuroscience by adding scientists with research programs in envi- 
ronmental physiology and in chemosensation or somatosensation. 


ENVIRONMENTAL PHYSIOLOGY 


To complement and extend its research program in body energy balance, 
the Laboratory seeks to add up to three investigators working in research 
areas of programmatic interest, such as human and/or animal thermoregu- 
latory, cardiovascular, and metabolic responses to environmental stimuli. 
Joint appointments are anticipated in the Department of Epidemiology and 
Public Health, Yale University School of Medicine. 


CHEMOSENSORY/SOMATOSENSORY NEUROSCIENCE 


To complement and extend its research program in chemosensory and somato- 
sensory neuroscience, the Laboratory seeks to add up to three investigators 
working in research areas of programmatic interest, such as functional neu- 
roimaging of brain processes, peripheral/central coding mechanisms, and 
central neural processing in relation to energy demand (e.g., food intake, 
thermoregulation). Joint appointments are anticipated in the Department of 
Neurobiology, Yale University School of Medicine. 


All candidates should have strong evidence of the ability to obtain external 
funding. Ranks of the appointments are open. 


The Laboratory offers competitive salary, benefits, and start-up, as well as an 
outstanding work environment. Applicants should submit a CV, description 
of research interests, set of representative publications, and names of at least 
three references to: Chair, Environmental Physiology Search, or Chair, 
Sensory Neuroscience Search, The John B. Pierce Laboratory, Inc., 290 
Congress Avenue, New Haven, CT 06519. Review of applications will begin 
February 15, 2006, and continue until the positions are filled. 


EOE/AA 


University of Connecticut 
Endowed Chair in 
Mechanistic Toxicology 


Department of Pharmaceutical Sciences 
Pharmacology and Toxicology Discipline 


The Department of Pharmaceutical Sciences is pleased to announce the 
creation of the Boehringer-Ingelheim Endowed Chair in Mechanistic Toxi- 
cology to be filled at the level of Professor. We are seeking a scientist with 
a strong background in the field of drug-induced liver injury with a focus 
on novel and integrative approaches for the early detection of drug liver 
toxicity. Other areas of interests include species differences in suscepti- 
bility to hepatotoxicity by pharmaceuticals as well as development and 
validation of new biomarkers to better predict human liver toxicity. The 
successful candidate’s research expertise will complement the interests of 
the faculty in the Department of Pharmaceutical Sciences, which includes 
integrative approaches to elucidate mechanisms of drug or toxicant action, 
drug discovery and design, and pharmaceutical technology. The Depart- 
ment is housed in a new 200,000 square foot state-of-the-art-building in 
the science quad of the University of Connecticut and encourages faculty 
interdisciplinary interactions with other programs of the University such 
as the Molecular and Cell Biology Program, the Center for Regenerative 
Biology and the Stem Cell Initiative. The candidate must have an estab- 
lished record of leadership in the field of liver toxicology and is expected 
to head a strong extramurally funded research program and to participate 
in the Department’s graduate and professional programs. Applicants must 
possess a Ph.D. degree or equivalent. 


Review of applications will begin April 28, 2006 and the search will 
continue until the position is filled. Applicants should submit electronically 
a curriculum vitae, brief statement of research and teaching interests, and 
names and e-mail addresses of three references to José E. Manautou, 


Search Committee Chair, at[jose.manautou@uconn.edu] 


In keeping with our commitment to build a culturally diverse commu- 
nity, the University of Connecticut invites applications from women, 
people with disabilities, and members of minority groups. 


Director of Metabolomics 
Roy J. Carver Biotechnology Center 
University of Illinois at Urbana-Champaign 


Proposed Starting Date: As soon as possible after closing 


Qualifications: M.S. in chemistry or life sciences related field is required, 
Ph.D. is preferred. Demonstrated experience required using analytical 
instrumentation that includes HPLC, HPLC-MS, and GC-MS. Familiar- 
ity with robotic microarray printing, robotic colony picking/re-array, 
and metabolite production through microbial fermentation is desired. 
Successful candidate must have excellent communication and manage- 
rial skills. 


Responsibilities: To direct and oversee the operation and continued 
development of the Metabolomics Center that supports the detection, 
isolation, and characterization of metabolites. 


Type of Position and Salary: Full-time academic professional position. 
Salary commensurate with experience. 


Application: Send letter of application, academic transcript, three letters 
of reference, and resume to: 
Rhonda Lipking 
Biotechnology Center 

901 S. Mathews 

103 Observatory 

Urbana, IL 61801 


Questions regarding this position 
should be directed to: 

Dr. Mark Mikel 

Associate Director 
Biotechnology Center 

Phone: (217) 333-1695 Phone: (217) 244-0144 


Email:[lipking@uiuc.edu] = Email:[mmikel@uiuc.edu] 


Deadline: For full consideration, application must be received by 5:00 
pm, Friday, March 10, 2006. 


The University of Illinois is an Affirmative Action/ 
Equal Opportunity Employer. 


POSTDOCTORAL 
POSITIONS 


The Defense Biology Division of the Biosciences 
Directorate at Lawrence Livermore National Laboratory 
(LLNL) has openings for two Postdoctoral Research Staff 
members to conduct research in the areas of innate 
immunity and microbial pathogenesis. 


Areas of specialization must include one or a combination 
of the following areas of research: Immunology (emphasis 
on initiation of innate immune responses), infectious 
diseases, microbiology, host-microbe _ interactions, 
comparative genomics, microbial physiology. Strong record 
of publications and scientific achievements is required and 
expertise in cell culture, animal work, DNA microarrays 
and imaging techniques (confocal, electron microscopy) is 
highly desirable. 


LLNL offers a challenging environment and a competitive 
salary/benefits package. To view and apply for this job, go 
to Search by job #004706. When 
applying and prompted please mention where you saw 
this ad. LLNL is operated by the University of California for 
the Department of Energy. We are proud to be an equal 
opportunity employer with a commitment to workforce 
diversity. 
University of California 


; Lawrence Livermore 
NATIONAL LABORATORY 


http://iobs.I|IniI.gqov 
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The University of Calgary offers 

students an education — an experience — 
in the broadest and most ambitious 
sense of the word. 


momentum 


At 39 going on 40, the University of Calgary is hitting its stride — nearly 30,000 i 

students, 110,000 alumni, 16 faculties, 53 departments and more than 30 UNIVERSITY OF 
research institutes and centres. Campus Calgary Digital Library, ISEEE (the CALGARY 
Institute for Sustainable Energy, Environment and Economy), Urban Campus and 4, an 
our Faculty of Veterinary Medicine secure our position as a leader in North Celebrate cars 
America’s research community. 2008 


ee 


The surroundings 
A 213-hectare picturesque setting, nestled in the foothills of Alberta’s Rocky Mountains. A cosmopolitan 
city that offers blue skies, clean air and breathtaking outdoor adventure. 


Our approach 
The U of C is a remarkable university in a remarkable city. Fast-paced. Energetic. Here you will find 
an openness to enterprise and initiative like nowhere else in Canada. 


The positions 

We are currently inviting applications for the following positions: 
Canada Research Chair, Biocomplexity and Informatics (#3518) 
Assistant/Associate Professors, Biocomplexity and Informatics (#3519) 


For more details and to apply, please visit the University of Calgary career opportunities Web page. 
www.ucalgary.ca/hr/career 


All qualified applicants are encouraged to apply; however, Canadians and permanent residents will be given priority. 


The University of Calgary respects, appreciates and encourages diversity. 


learn more. [www.ucalgary.ca 


MOMENTUM SINCE 2001: RESEARCH FUNDING +$110M TO $282M - NOW RANKED 7TH IN CANADA; OF 
SCHOLARSHIPS AND BURSARIES +$19.2M vi? 
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Science Careers Forum 


e How long should it take to get my Ph.D.? 


e Academia or industry? 


e What will make my resume/cv stand out? 


e How do! negotiate a raise? 


Moderator Dave Jensen 
Industry Recruiter 


Mr. Jensen has over 20 
years of experience in 
human resource con- 
sulting and staffing for 
the biotechnology and 


pharmaceuticals industry. 


iia Ui | 


Adviser Bill Lindstaedt 
Director, 
UCSF Career Center 


Mr. Lindstaedt has been 
providing career related 
advice to scientists and 
engineers for nearly 15 
years, with a particular 
emphasis on working with 
graduate-level trainees in 
the life sciences. 


Connect with Experts 


Adviser Naledi Saul 
Assistant Director, 
UCSF Career Center 


Ms. Saul has 7 years of 
career counseling with 4 
years focused on counsel- 
ing graduate students and 
postdocs in the biomedical 
and health sciences. Her 
forte is working with 
scientists pursuing careers 
in the public health arena. 


Adviser Jim Austin 
Editor, Science’s 
Next Wave 


Dr. Austin has a Ph.D. in 
physics and worked in 
academia before coming 
on board to write about 
traditional and nontradi- 
tional career paths for 
scientists. 


Visitiwww.sciencecareers.ore 


and click on Career Forum 


ScienceCareers.org 


We know science 
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Faculty Position 


Antitumor Assessment 
Core Facility Head 


The Molecular Pharmacology and Chemistry Program of 
Sloan Kettering Institute seeks a manager for its Antitumor 
Assessment Core Facility. The manager is responsible for a 
small group of investigators that provides resources and 
technical expertise in testing new anti-cancer agents in 
small animals. This is a non-tenure track position. 
Applicants must have an MD or PhD degree in a relevant 
field, extensive experience with mouse tumor models and 
in preclinical experimental therapeutics, a record of 
productivity, and management experience. 


Candidates should send by March 20, 2006 their 
curriculum vitae and the names of 3 references to: David 
Scheinberg, MD, PhD, Chairman, Molecular Pharmacology 
and Chemistry Program; Memorial Sloan-Kettering Cancer 
Center; c/o Claudia Little-Box 531; 1275 York Avenue; 
New York, NY 10021;Email: Memorial 
Sloan-Kettering Cancer Center is an affirmative action, 
equal opportunity employer. 


SAETERING 
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Memorial Sloan-Kettering 


Cancer Center 
The Best Cancer Care. Anywhere. 


WWW.IMSKCC.OTg) 
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PRE AND POST DOCTORAL 
FELLOWSHIPS 


The University of Texas Health Science Center at San Antonio invites 
applications for Pre and Post Doctoral fellowships working in research 
related to Latino mental health. Since more effort is needed to eluci- 
date the mental health issues of the largest minority population in the 
United States, the National Institute of Mental Health has funded our 
program. 


The program offers a 2-3 year Neuroscience-oriented curriculum and 
a 1-3 year Clinical-oriented curriculum. Fellows that are accepted into 
these programs will benefit from already established clinical and genet- 
ics databases on Schizophrenia at the UTHSCSA and the Southwest 
Foundation for Biomedical Research, a well equipped Neurogenetics 
Laboratory for Biochemistry and Molecular Biology with established 
banks of DNA samples and cell lines, access to the Research Imaging 
Center outfitted with state of the art neuroimaging equipment, ongoing 
research in genetics of Bipolar Disorder, collaborations with several sites 
in the United States and Latin America and a large Latin population 
available for research. 


Depending on the program of interest, applicants must be graduates of 
a master’s level program in Psychology, Social Work or related field; 
graduates of an accredited Psychiatry Residency program or from a 
PhD Psychology program; or graduates of a PhD program in one of the 
Biomedical Sciences. Salary will be based on qualifications. Interested 
applicants should request an application via email to Rolando A. Medina, 
MD, MPH, |medinar@uthscsa.edu.. Upon arrival of your request, we 
will send you the application and additional information that is required. 
The deadline is March 10, 2006. 


The UTHSCSA is an Equal Employment Opportunity/Affirmative 
Action Employer. All postdoctoral appointments are designated 
as security sensitive positions. 
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\Our boundaries may 
: surprise you. 


) . 
, Expand your career of discovery 


R&D SCIENTISTS 
(3 OPENINGS) 


Promega is seeking creative research scientists to 
join our growing R&D team developing innovative 
technologies and products for life science 
researchers. Ph.D. level scientists should have 
laboratory experience in molecular biology, 
biochemistry and mammalian cell biology. They 
should be able to effectively analyze scientific 
literature and create innovative approaches to 
experimental design. Individuals must have 
effective communication skills and the ability to 
work independently and in interactive teams. 


Senior Scientist Cellular Imaging 

Ph.D. level must have postdoctoral experience in 
mammalian cell biology and a proven track record 
in carrying out laboratory research using live cell 
imaging technologies. We are _ particularly 
interested in candidates with experience using 
fluorescent probes to analyze cellular processes 
and protein function. Experience in working with 
ion channels is a plus. 


Senior Scientist/Group Leader: 

Cell-Free Protein Expression 
Ph.D. scientist with project management 
experience and a proven track record in laboratory 
research studying protein translation. We are 
particularly interested in candidates’ with 
experience using cell free protein expression 
systems. Position also requires experience in 
managing a group of research scientists. 


Senior Scientist/Group Leader: 
Protein Structures 

Ph.D. scientist with project management 
experience and the technical ability to create novel 
protein and enzyme structures. Directed evolution 
and protein structure analysis experience is 
required. Proven success championing commercial 
projects or funding research through peer-reviewed 
grants required. Position also requires experience 
in managing a group of research scientists. 


Interested candidates please forward resume to: 
Human Resources, 2800 Woods Hollow Road, 
Madison, WI 53711; Fax: 608-277-2512; email: 


r@promega.com] Please indicate for which 


position you are applying. 
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Promega 
Adifferent way of working. 


Promega is an Equal Opportunity/Affirmative Action Employer 
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ENGINEERING FACULTY 


The Pratt School of Engineering at Duke University is seeking 
applications for a tenure or tenure-track faculty opening intended to impact 
the growth of Pratt's four Strategic Initiatives in Bioengineering, Materials 
Science and Engineering, Photonics, and Environmental Engineering. 
Qualified candidates must have a Ph.D. or the equivalent in Engineering 
or the physical sciences. While the search is open to all qualified applicants 
regardless of rank or experience, we are particularly interested in candidates 
with demonstrated vigorous research and teaching interests that align well 
with one or more of Pratt’s Strategic Initiatives. The primary academic 
appointment of the successful candidate will be in one of Pratt's four 
engineering departments: Biomedical Engineering, Civil & Environmental 
Engineering, Electrical & Computer Engineering, or Mechanical Engineering 
& Materials Science. 


Please send a letter of application, description of research program, 
and teaching portfolio to: Chair, Target of Opportunity Search 
Committee, Department of Biomedical Engineering, Box 
90281, Duke University, Durham, NC 27708-0281. Email: 


elaine.ruger@aquke.eq 


The Pratt School of Engineering and Duke University are Affirmative Action/ 
Equal Opportunity Employers that are committed to increasing the cultural 
and intellectual diversity of its faculty. 


Auke University 


= ADVANCED 
PHYSICIST reece] i LIGHT SOURCE 
SCIENTIST / ENGINEER DIVISION 


Reporting to the Division Deputy for the Scientific Support 
Group (SSG) of the Advanced Light Source (ALS) Division, the 
incumbent function } imental phy supporting 
and planning experi to meet the SSG's programmatic 
plans and R&D goals. He/she is responsible for the operation 
maintenance, and upgrades of ALS beamline 10.0.1 and its 
atomic and molecular physics endstations. To learn more about 

the ALS please visit our website at 

Duties: The candidate will participate in planning and 

performing forefront investigations in atomic and molecular 

scientific arch. He/she will provide support for the Scientific Support Group experimental 
program including operation of undulator beamline 10.0.1 and its endstations, support of the 
atomic and molecular physics users on BL 10.0.1, scheduling of beamline operations 
adherence to environment, safety, and health policies and procedures, ensuring facility and 
equipment maintenance, and participation in planning and implementation of R&0 upgrades. 
The candidate will collaborate with various physicists, engineers, and technical support staff to 
perform planned experiments. It will be necessary to disseminate experimental and research 
results via publications in refereed journals, present results via verbal presentations at various 
meetings, conferences, and peer reviews, He/she will participate In ALS R&D planning efforts 
and contribute fo selected programmatic projects and collaborations in R&D activities, and must 
maintain current knowledge of and implement relevant Laboratory, Division, Program Conduct of 
Operations, and Quality Assurance policies and procedures for thelr activities. 


Qualifications: Experience with synchrotron radiation techniques applied to the study of 
atomic and molecular physics is essential. Knowledge of atomic and molecular physics and 
Chemistry as welt as a thorough understanding of modern instrumentation techniques applied to 
these areas Is required. The candidate must be independent, innovative, and able to design 
guide parry through an experiment from initiation to meaningful conclusion in collaboration 
with a team of engineers, physicists, technical support staff, post docs, and students, Proven 
ability to pursue new areas of research in physics involving sophisticated instrumentation 
including vacuum, charged particle detection, and momentum determination is essential, as is 
knowledge of the characteristics and properties of synchrotron radiation sources. Effective verbal 
and written communication skills are necessary, and the candidate must have a Ph.D. or 
equivalent in Physics, Chemistry, or Materials Science. 

Apply online at:;http//jobs.|bI.goy, select “Search Jobs”, enter 018721 in the keyword search 
field, select the “Upload Your Resume” option, and follow the on-line instructions to complet 
application process. Enter “Science Magazine" as your source. EOE 


UCLA 


INSTRUCTOR POSITION AVAILABLE 
MOLECULAR, CELL, AND DEVELOPMENTAL BIOLOGY 


Deadline: March 15, 2006 


Position: Full time position. Provide instruction and general education 
curriculum development in the Department of Molecular, Cell, and 
Developmental Biology at UCLA (Fall, Winter and Spring Quarters 
and Summer Sessions). Percentage of employment will vary according 
to number of courses taught. 


Duties: Teach science general education lecture courses in the areas of 
Stem Cells, Biology of Cancer, and AIDS; plan and coordinate course 
activity, outside speakers, and service learning components for multiple 
courses; supervise course reader staff; manage the development and 
maintenance of course materials; develop computer applications for 
the classroom; and maintain office hours. 


Qualifications: Ph.D. degree in the biological sciences; substantial 
familiarity with biology concepts related to stem cells, cancer biology, 
and AIDS. Demonstrated experience in undergraduate teaching at the 
university level; demonstrated knowledge of pedagogy as related to 
instruction in biological sciences. Level of appointment and salary 
commensurate with qualifications, experience and duties. 


Application: Please send curriculum vitae, written statement of teach- 
ing interests and background, and the names, addresses, and telephone 
numbers of three references. Applications should be mailed to: UCLA 
MCDB Lecturer Search, ATTN: Ms. Grace Angus, 621 Charles E. 
Young Dr. South, Box 951606, Los Angeles, CA 90095-1606. 


The University of California is an Equal Opportunity Employer 
committed to excellence through diversity. 


U.S. Environmental Protection Agency 
Office of Research and Development 
National Center for 
Environmental Assessment (NCEA) 


Supv. Biologist/Toxicologist/Health Scientist/Physical 
Scientist/Mathematical Statistician 
Ez hire Announcement #RTP-DE-2006-0048 or RTP-MP-2006-0080 


The U.S. Environmental Protection Agency is seeking highly qualified appli- 
cants for two Branch Chief positions with the National Center for Environmen- 
tal Assessment which are located in Cincinnati, 
Ohio. Duties include supervision and leadership of an interdisciplinary team 
of scientists conducting high-profile human health and ecological assessments 
and developing cutting-edge risk assessment methods, with emphasis on water 
quality and hazardous waste. 


Excellent benefits: The selected candidate will be eligible for a full benefits 
package, including paid relocation, health insurance, life insurance, retire- 
ment, and vacation and sick leave. This is a permanent, full time position. 
USS. citizenship is required. 


Salary Range: The salary range is $91,080 to $139,275 (GS 14/15) per year, 
commensurate with qualifications. 


Qualifications: A bachelor’s degree (or higher) is required. Desirable appli- 
cants will have an advanced degree and demonstrated experience in conduct- 
ing research and leading research teams in environmental health, toxicology, 
biology, physical science, mathematical statistics, or a related field. 


How to Apply: Applicants should apply through Ezhire at 

[www.epa.gov/ezhire Select apply for jobs. If you are already registered in 
Ezhire@EPA system, access the vacancy announcement through Registered 
Users. Otherwise, select New Users and complete the registration process. 
The vacancy announcement will be open through March 13, 2006. Appli- 
cation materials must be submitted with 48 hours from the closing date 
of the announcement. You need to submit the additional documentation 
described in the full text vacancy. Questions regarding this vacancy may be 
directed to Joann Kelleher, Human Resources Management Division at 


kelleher.joann@epa.gov 
The US EPA is an Equal Opportunity Employer. 
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] One of the oldest 

bd ERSITY of institutions of higher 
ETAWARE, education in this 

country, the University 

of Delaware today combines tradition and 
innovation, offering students a rich heritage along 
with the latest in instructional and research 
technology. The University of Delaware is a Land- 
Grant, Sea-Grant, Urban-Grant and Space-Grant insti- 
tution with its main campus in Newark, DE, located 
halfway between Washington, DC and New York 


City. Please visit our website at: [www.udel.edu] 


Assistant or Associate Professor, 


Ruminant Biology 
Department of Animal and Food Sciences 


12-month tenure-track appointment, 70% research, 
30% teaching. The individual must develop an 
innovative, extramurally-funded, research program 
in ruminant biology that will complement the 
research of existing faculty in ruminant nutrition, 
forage production and ruminant health/production 
medicine. Potential areas of research include 
metabolism, anaerobic ruminant microbiology, 
toxicology, animal health, molecular biology, 
genomics, food safety, or environmental issues. 
An understanding of, or experience in, commercial 
production practices of ruminant animals is 
desirable. The individual will be responsible for 
undergraduate instruction and academic 
advisement, and participation in the undergraduate 
research program. 


Submit a letter of application, current curriculum 
vitae, statement of teaching philosophy and 
research plans, and three references to Lesa 
Griffiths, 186 S. College Ave., University of 
Delaware, Newark, DE 19716-1440. Application 
deadline is April 15, 2006. 


The UNIVERSITY OF DELAWARE is an Equal 
Opportunity Employer which encourages applications 
from Minority Group Members and Women. 


Department of Health and Human Services PS 


{ ¢ National Institutes of Health EAS 2€ E&: 


National Institute on Aging 


The National Institute on Aging, a major research component of the National Institutes of Health (NIH) 
and the Department of Health and Human Services (DHHS) is recruiting for four post-doctoral fellows 
in the Laboratory of Genetics, Intramural Research Program (IRP): 
1) with a background in cell based screens or imaging studies to work in the Image Informatics 
and Computational Biology Unit (IICBU), for high-throughput automated visual screening of RNAi 
libraries. The interdisciplinary group has developed image classification algorithms based on 
machine learning techniques, and we would like to apply these to the systematic reconstruction of 
pathways. For additional information on this research, please go to: 

: g ih.gov/branches/Ig/iicbu/iicbu.htm). Applicants should send the curriculum vitae, 
via email to Dr. Ilya Goldberg at, 
2) with a background in biochemistry to work in the Transcription Regulation and Remodeling Section 
(TRRS), on purification of multi-protein complexes and analysis of their structures and functions 
{http://www.gre.nia.nih.gov/branches/Ig/trru/trru.htm). Projects include studies of chromatin- 
remodeling mechanisms (G&D 19:1662-7), DNA damage response, and human genomic instability 
diseases (Nat. Genet. 35:165-170,; 37: 958-63). Applicants should send the curriculum vitae, via email 
to Dr. Weidong Wang,[wangw@grc.nia.nih.gov| 
3) with a background in mouse ecdevelonment to work in the Developmental Genomics and Aging 
Section, to conduct the study of preimplantation mouse development (Dev. Cell 6: 117-131, 2004) and 
embryonic stem cells (PLoS Biol. 1: 410-419, 2003). The work utilizes embryogenomics approaches 
(Trends Biotechnol. 19: 511-518, 2001) and focuses on the identification and characterization of genes that 
are critical for the maintenance of pluripotency and/or for early commitment to different cell lineages. 
Applicants should send the curriculum vitae via email to Dr. Minoru Ko, kom@gre.nia.nih.gov. | 
4) with a background in molecular genetics to work in the Human Genetics Section, on the determi- 
nation of skin appendage formation in vitro, based on signaling pathways operating with the EDA 
(ectodysplasin) TNF-ligand (Hum. Molec. Genet. 11:1763-1773; Hum. Molec. Genet. 12: 2931-2940). 
The aims include the understanding of how hair follicles form, as a model system for both development 
and possible regeneration. Approaches include histology, keratinocyte cell differentiation, and immuno- 
cytochemistry, as well as a range of genomic and physiological techniques. Applicants should send the 
curriculum vitae, via email to Dr. David Schlessinger, [schlessingerd@grc.nia.nih.goy. 
The successful individuals will possess an M.D. or Ph.D. degree in biochemistry, molecular genetics or a 
related field, with no more than five years of Post Doctoral research experience. Salary is commensurate 
with research experience and accomplishments. 


DHHS and NIH are Equal Opportunity Employers 


Harvard School of Public Health 


Assistant Professors of 
Immunology and Infectious Diseases 


The Department of Immunology and Infectious 
Diseases at the Harvard School of Public Health 
seeks candidates for up to three positions as 
assistant professor. These positions are on the 
tenure ladder. 


Each of the successful candidates will be 
expected to develop an independent research 
program on the immunology and biology of 
infectious disease(s) important to developing 
countries (e.g., malaria, TB, AIDS). A focus on 
vaccine and drug discovery is desirable. S/he 
will teach at the graduate level and will direct 
doctoral students in their dissertation research. 


Applicants should have a doctoral degree and 
postdoctoral research experience in a relevant 
area. 


Please send a letter of application, including a 
statement of current and future research inter- 
ests, a curriculum vitae, sample publications, 
and the names and addresses of three referees 
to the following address. Applicants should ask 
their three referees to write independently to this 
address: Chair, Assistant Professor Search 
Committee, c/o Robert Brier, Department 
of Immunology and Infectious Disease, Har- 
vard School of Public Health, 665 Hunting- 
ton Avenue, Room 813, Boston, MA 02115; 


Harvard University is committed to 
increasing the number of women and 
minorities in its faculty, and encourages 
applications from such candidates. 


Leslie Dan Faculty of Pharmacy, University of Toronto 
Canada Research Chair in Molecular Medicine/Molecular Pharmacology 


Applications are invited for a tenure-stream position at the rank of Assistant, Associate or Full Professor 
in the area of Molecular Medicine/Molecular Pharmacology. The successful candidate will be expected to 
establish an independent and externally funded program of research into the nature and determinants of 
drug action, to supervise graduate students and to teach at the graduate and undergraduate levels. Upon 
appointment, he or she will be nominated for a Canada Research Chair at the appropriate level (Tier | or 
Tier 2). Canada Research Chairs have been established by the Government of Canada to foster research 


of the highest quality at Canadian universities {http://www.chairs.gc.ca). 


We seek an individual whose research is directed toward questions of structure and mechanism at the 
molecular level. Signaling processes are an area of interest within the department, and specific topics 
could include neurotransmitter and hormone receptors, ion sensors and other drug targets or signaling 
elements. We encourage applicants who plan to employ a combination of biochemical, biophysical, 
computational or imaging approaches. While research focus is a consideration, all applications will 
receive close attention. The selection will be based in large measure on the originality and quality of 
recent and proposed work. 


The University of Toronto and its affiliated teaching hospitals and research institutes maintain a strong 
presence in the physical, biological and medical sciences. Collaboration is encouraged and supported 
through cross-appointments, joint courses and various multidisciplinary programs. The Leslie Dan 
Faculty of Pharmacy offers excellent facilities for both teaching and research, and it is a partner in the 
Terrence Donnelly Centre for Cellular and Biomolecular Research [(http://ccbr.med.utoronto.ca). The 
Faculty is presently undergoing an expansion that has included a substantial increase in research and 
in enrolment within its Graduate Department of Pharmaceutical Sciences 

. To accommodate this expansion, the Faculty will move to a new building in mid 


2006 (http://www.greatspaces.utoronto.ca/projects/pharmacy.htm). 


Interested individuals should forward a covering letter of application, a curriculum vitae, a 2 — 3 page 
statement of research plans, and three letters of reference to: The Chair, Search Committee, Leslie 
Dan Faculty of Pharmacy, University of Toronto, 19 Russell St., Toronto, Ontario, Canada M5S 
282. Applications by email are encouraged; they should be addressed to[phmsearch@utoronto.cd, 
please use Microsoft Word (doc) or Adobe Acrobat (pdf) format. Evaluation of applications will begin 
March 17, 2006. 


The University of Toronto is strongly committed to diversity within its community. The University 
especially welcomes applications from members of visible minority groups, women, Aboriginal 
persons, persons with disabilities, members of sexual minority groups and others who may contribute 
to further diversification of ideas. All qualified candidates are encouraged to apply; however, 
Canadians and permanent residents will be given priority. 


YYePG Proudly Presents, Thx For Support! 
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CHAIR 
Biological Sciences Department 
California State Polytechnic University, Pomona 


The Biological Sciences Department at California State Polytechnic Uni- 
versity, Pomona (Cal Poly Pomona) invites applications for the position of 
Chair beginning September 2006. We seek a scholar with a vision for promot- 
ing excellence in undergraduate and graduate teaching, research and other 
scholarly activities, as well as service. Candidates should have outstanding 
leadership and interpersonal skills, a record of securing extramural funding, 
demonstrated distinction in teaching, and a significant record of department, 
college and university service. The successful candidate will be expected to 
articulate and implement a vision for expanding faculty research productivity 
in a way that enhances our educational programs. 


Cal Poly Pomona, one of the 23 California State University campuses, is a 
comprehensive Master’s level university with a student body that is among 
the most diverse in the country. The Biological Sciences Department strives 
for excellence in both research and teaching, and places great value on the 
synergy between faculty scholarship and teaching. Faculty members maintain 
active research programs that provide hands-on learning opportunities for 
undergraduate and graduate students. The Department has 37 tenure-track 
faculty, 6 lecturers, 40 teaching associates, and 9 support staff, and offers six 
undergraduate majors to nearly 1,000 students. A strong Master’s program 
supports the scholarly activities of nearly 100 graduate students. 


The successful candidate must have a distinguished record that would merit 
appointment at the rank of Full Professor with tenure. Applicants should 
forward (1) curriculum vitae, (2) statements on administrative, research, and 
teaching philosophy, (3) representative publication reprints, and (4) three 
letters of reference to: Chair, Biology Chair Search, Biological Sciences 
Department, California State Polytechnic University, 3801 West Temple 
Avenue, Pomona, CA 91768-4132. Review of applications begins on April 
1, 2006. For further information, please visit the Department web site at: ttp;] 


California State Polytechnic University, Pomona is an Equal Opportunity, 
Affirmative Action Employer. Cal Poly Pomona subscribes to all state and 
federal regulations and prohibits discrimination based on gender, race, 
sexual orientation, national origin, disability, marital status, age, religion, 
or covered veteran § status. 


[et] CASE 


CASE WESTERN RESERVE UNIVERSITY 


Associate Director for Basic Research 
Case Comprehensive Cancer Center 


The NCI-designated Center coordinates cancer research of 270 
members at Case, University Hospitals of Cleveland and The 
Cleveland Clinic. Nine Scientific Programs supported by 15 
shared resources generate more than $110 million in direct annu- 
al research and ee 300 clinical trials with over 7,500 new 


cancer patients annually. Details at fattp://cancer.case.edu 


Duties of the Associate Director: Advise the Director on all 
aspects of cancer research among Center members including: 
Scientific Program organization and membership, recruitment of 
basic laboratory based investigators, promotion of interdiscipli- 
nary and translational research in cancer genetics, signaling, DNA 
repair, tumor therapeutic targets, drug discovery, and disease 
based research; multi-investigator RFAs, etc., oversee pilot grant 
applications, reviews and awards, advise new initiatives’ fund 
allocation, share oversight of current and new cores, participate in 
Senior Leader and Scientific Program meetings. 

Candidates must have qualifications for associate professor or 
higher appointment with tenure at Case, a primary appointment 
in a basic science department, active NIH funded cancer research, 
study section and training experience, multi-investigator 
research, and national recognition in their field. 

Please send resume or inquiry to: 


Stanton L. Gerson, MD, Director 


[tanton.gerson@case.edu]+ 316-844-8562 
and/or 


John B. Lowe, MD, Chair, Department of Pathology 
* 216-368-3611 


Case is an Affirmative Action/Equal Opportunity Employer. 
Minorities and women are encouraged to apply. 


Assistant /Associate Professor in Pharmacokinetics 
University of Toronto 


Applications are invited for a tenure-stream position at the rank of Assistant 
/Associate Professor in the area of Pharmacokinetics, PK-PD modeling, Clini- 
cal Pharmacology or Biopharmaceutics. Candidates must hold a Ph.D. or an 
equivalent degree and have post-doctoral research experience. The successful 
candidate is expected to establish an independent, externally funded research 
program, to supervise graduate students, and to teach Pharmacokinetics at the 
graduate and undergraduate levels. We seek individuals whose research interests 
complement existing strengths within the Faculty. While some areas are of 
particular interest, the selection will be based primarily on the originality and 
quality of recent and proposed research. Related areas of investigation within 
the Faculty include drug transport, drug metabolism, metabolite kinetics, radio- 
imaging, drug targeting, and delivery systems. 

The University of Toronto and its affiliated teaching hospitals and research insti- 
tutes maintain a strong presence in the physical, biological, and health-related 
sciences. The Leslie Dan Faculty of Pharmacy offers new, state-of-the-art facili- 


tie(WWW.greatspaces.utoronto.ca/projects/pharmacy.htm)], and is a partner 
in the Terrence Donnelly Centre for Cellular and Biomolecular Research {http 


//ecbr.med.utoronto.ca]. The Faculty is presently undergoing an expansion that 


has included a substantial increase in research faculty and in enrolment within its 
Graduate Department of Pharmaceutical Sciences[(www.utoronto.ca/pharmacy/] 
[graduate]. Collaboration is encouraged and supported through cross-appoint- 
ments, joint courses, and multidisciplinary programs. Opportunities also exist 
for interactions with pharmaceutical companies in the Toronto area. 


Interested individuals should forward a covering letter of application, a cur- 
riculum vitae, a 2 - 3 page statement of research plans, and three letters of 
reference to: The Chair, Search Committee, Leslie Dan Faculty of Phar- 
macy, University of Toronto, 19 Russell St., Toronto, Ontario, Canada 
MS5S 282. Applications by email are encouraged; they should be addressed to 
[phmsearch@utoronto.cd, please use Microsoft Word (doc) or Adobe Acrobat 
(pdf) format. Evaluation of applications will begin April 17, 2006. 

The University of Toronto is strongly committed to diversity within its com- 
munity and especially welcomes applications from visible minority group 
members, women, Aboriginal persons, persons with disabilities, members of 
sexual minority groups and others who may contribute to further diversifica- 
tion of ideas. All qualified candidates are encouraged to apply; however, 
Canadians and permanent residents will be given priority. 


R&D _& 


PGRD 


Pfizer Global Research & Development 


Imagine a career that touches the lives of people everywhere. Imagine an 
opportunity to reach beyond your area of expertise to make an impact on 
something greater than the bottom line. Imagine playing a key role in some of 
the most critical issues facing health care today. This is your career at Pfizer—a 
career unlike any other. 


We currently have an opportunity at our Groton, CT facility for a: 


Senior Research Scientist 


You'll identify novel targets for osteoporosis as well as assist in the discovery, 
characterization and development of therapeutic agents for osteoporosis and 
bone healing. This involves leading projects, supervising an in vivo laboratory and 
working closely with other scientists to analyze and interpret data. 


You should have a PhD. in Life Sciences with at least 3 yrs of in vivo bone biology 
experience that includes disease models, genetically modified mouse models, 
bone imaging, histomorphometry, bone biomechanics, etc. A strong publication 
record in musculoskeletal and osteoporosis research is essential as is knowledge 
of the pathophysiology of osteoporosis. 


We offer competitive compensation, full benefits and talented professional 
colleagues... some of the best and brightest in the research field today. Please 


apply on-line at{www.pfizer.com/careersfand search by requisition #51810. 


Pfizer is proud to be an Equal Opportunity Employer and welcomes applications 
from people with different experiences, backgrounds and ethnicities. 


Pfizon 


www.pfizer.com/careers 


YYePG Proudly Presents, Thx For Support! 


ALS SLA 


Amyottophic Lateral Sclerosis 
Society of Canada 


The ALS Society of Canada seeks a 
Director of Research who will lead 
the development and implementa- 
tion of a national ALS research 
strategy focusing on understanding 
the cause of and cure for 
Amyotrophic Lateral Sclerosis (ALS). 


Qualifications required: PhD in a 
biological science - preference given 
to neuroscience and minimum five 
years’ experience with an 
organization closely aligned with 
and focused on scientific and 
medical advancements. 


For full details on this position go 


to researchdirector 


Please submit resumes to David S. 
Cameron, National Executive 
Director, ALS Society of Canada at 


[dc@als.ca] by March 18, 2006. 


FACULTY POSITION 
CENTER FOR MICROBIAL PATHOGENESIS 


The CENTER FOR MICROBIAL PATHOGENESIS at Columbus Children’s Research Insti- 
tute, Columbus Children’s Hospital, and the Department of Pediatrics, College of Medicine and 
Public Health, The Ohio State University seek PhD, MD, or MD/PhD candidates for tenure-track 
positions at the Associate or Full Professor rank to develop and conduct independent research 
programs in the fields of cellular and molecular microbiology as well as innate and acquired 
immunity. Areas of emphasis include bacterial pathogens causing disease in the respiratory and 
genitourinary tracts. Research space is available within the Columbus Children’s Research Insti- 
tute. The recruitments are part of a larger 5 year planned expansion of research initiatives by the 
institution and include the recruitment of 40 new investigators and the recent construction of a 
new 160,000 square foot five-story research building that houses 48 state-of-the-art laboratory 
modules, completed in January of 2004. The Institute is equipped with a state-of-the-art mouse 
facility and DNA sequencing, flow cytometry, informatics, histopathology, transgenic, microar- 
ray, ES cell, and transgenic cores. Joint appointments within graduate departments of The Ohio 
State University are available. 


For more information, please visit our website at/www.ccri.net 


Address correspondence with three references and curriculum vitae to: 
Lauren O. Bakaletz, Ph.D. 
Director, Center for Microbial Pathogenesis 
Columbus Children’s Research Institute 
700 Children’s Drive 
Columbus, OH 43205 
Phone: (614) 722-2915 FAX: (614) 722-2818 


E-mail:|bakaletl@ccri.net 


The Ohio State University is an Equal Opportunity/Affirmative Action Employer. 
Women, minorities, veterans, and individuals with disabilities are encouraged to apply. 
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FELLOWSHIPS 


Transatlantic Biotechnology Exchange 
Fellowship Opportunity (Call for propos- 
als): The US-EU Task Force on Biotechnology 
Research announces support for short-term 
exchanges of US scientists with interest in collab- 
orating with EU laboratories. The exchanges are 
designed to foster transatlantic collaborative inter- 
actions and enhance the professional development 
of the exchange fellows through the acquisition of 
expertise in microbial environmental biotechnol- 
ogy. The fellowship will support visits from one 
to six months in a host EU laboratory, including 
travel, housing and a living supplement. Salary 
for the exchange fellow, institutional bench fees, 
and routine laboratory supplies are NOT cov- 
ered. The exchanges are intended to foster the 
development of early career scientists who are 
US citizens or permanent residents, but any US 
scientist displaced from their duties by natural 
disasters such as hurricanes Katrina or Rita 
are especially encouraged to apply. Other sci- 
entists who have initiated their predoctoral stud- 
ies or have been awarded the Ph.D. degree no 
more than seven years from the application date 
may apply. Applicants should submit a one-page 
description of the research/training plan for the 
exchange, a budget with justification, a c.v. and 
letters of support from their immediate supervi- 
sor and the exchange host institution or scientific 
mentor. All components of the application as well 
as electronic contact information for both the 
Ph.D. mentor and host should be submitted in 
the form of e-mail to Dr. Joseph Suflita (Univ. 
Oklahoma; [jsuflita@ou.edu) or to Dr. Judy 
Wall (Univ. Missouri; [wallj@missouri.edu). 
Applications will be screened as received as 
funds allow. More information can be obtained 
at |http://www.biochem.missouri.edu/EU-US. 


BiotechFellow 


Premier’s Research Chair in Biomaterials and Transportation 
Regular Full-Time Faculty 
Department of Plant Agriculture — University of Guelph 


OAC and the Department of Plant Agriculture are seeking an internationally-recognized Senior 
Research Chair to lead an emerging research program in the area of biomaterials and transporta- 
ion at the University of Guelph. The successful candidate should have documented strength 
within and between plant biology and materials engineering. They will provide leadership at the 
interfaces of chemical and structural engineering, agricultural chemistry, plant biology, and 
raditional and molecular plant breeding. (S)he will complement strengths in material science 
and engineering at partnering institutions and will be expected to build a network of collabora- 
ors that will place Ontario at the fore front of discovery and innovation in this exciting new field. 
Applicants should have demonstrated expertise in Biochemical Engineering, Biological Material 
Sciences, Bio-product Development or a related discipline. The incumbent will liaison with the 
automotive and materials industries and with university, provincial and federal government col- 
eagues to develop research directions that effectively integrate agricultural and forestry-based 
raw materials into cost-effective, performance enhanced consumer products with emphasis on 
he automotive sector. This faculty position is 90% research/extension and 10% teaching (gradu- 
ate level). The successful candidate will have a Ph.D. and a strong track record in biopolymer 
chemistry, biomaterials science or related fields. 


Candidates should submit a curriculum vitae and arrange to have three letters of reference 
sent to: 


Dr. Gary Ablett, Chair 

Department of Plant Agriculture 
University of Guelph * Guelph, Ontario N1G 2W1 
[gablett@uoguelph.cale Fax (519) 821-8660 

APPLICATION DEADLINE: March 31, 2006 or until a successful candidate is identified. 

The University of Guelph is committed to an employment equity program that includes special 
measures to achieve diversity among its faculty and staff. We 
therefore particularly encourage applications from qualified ab- 


TYAVINIT ED CMV? = riginal Canadians, persons with disabilities, members of visible 
[ NIV ERSITY minorities and women. 
Oa ( s;UELPH All qualified candidates are encouraged to apply; however, Canadians 


and permanent residents will be given priority. 


YYePG Proudly Presents, Thx For Support! 
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Faculty Position in Marine Science 


The University of Southern Mississippi’s Department of Marine Science 
(DMS) announces the availability of a tenure-track faculty position at 
the rank of Assistant Professor beginning July 1, 2006 (beginning of the 
2006 academic year). We seek applications in the area of remote sens- 
ing of oceanic and coastal waters. The successful candidate is expected 
to have a research program with a strong focus on coastal and oceanic 
variability using various sensors and platforms (e.g., SeaWiFS, MODIS, 
hyperspectral sensors, LIDAR, satellite and airborne). Demonstrated 
expertise and familiarity with radiative transfer and optical theory are 
desirable. Teaching duties will include graduate teaching and course 
development in ocean remote sensing and related areas. Individuals who 
can complement the department’s existing strengths, collaborate with other 
research organizations at the Stennis Space Center, and take advantage of 
the growing community of expertise on the Gulf Coast in LIDAR coastal 
surveying and LIDAR/Hyperspectral data fusion are especially encour- 
aged to apply. DMS is a vibrant, rapidly developing, multidisciplinary 
academic unit with research and teaching programs in biological, geo- 
logical, and physical oceanography, marine chemistry, and hydrographic 
science. The department is located at the John C. Stennis Space Center 
on the Mississippi Gulf Coast, which is home to more oceanographers 
and hydrographers than any other location in the world. In addition to 
NASA research activities, the Stennis Space Center is also home to the 
Naval Research Laboratory (NRL-SSC), the U.S. Naval Oceanographic 
Office, NOAA’s National Data Buoy Center, the NOAA Coastal Data 
Development Center, and the Maury Oceanographic Library, one of the 
country’s premier oceanographic libraries. Detailed information about 


the department is available at}www.usm.edu/marine 


Applicants must submit, preferably by electronic mail, a curriculum vitae 
with a research plan; a statement of teaching philosophy; and names, mail- 
ing addresses, and e-mail addresses of four references to: Dr. Stephan 
D. Howden, The University of Southern Mississippi, Department of 
Marine Science, 1020 Balch Boulevard, Stennis Space Center, MS 
39529;[Stephan. Howden@usm.edu] Review of applications will begin 
March 15, 2006 and will continue until position is filled. 


OHSU | OGI SCHOOL OF SCIENCE & ENGINEERING 
I 


Gordon and Betty Moore Endowed Chair 
in Biomedical Engineering 


The OGI School of Science and Engineering at Oregon Health & Science 
University seeks candidates for an endowed Professorship. Applications 
are invited from distinguished scientists working in health-related areas 
of nanobiotechnology, as broadly defined. Applicants should have a 
record of significant academic accomplishment; preference will be given 
to those candidates with strong records of extramural funding, program 
development, and translational research. 


The successful candidate will exhibit leadership skills, including the 
ability to recruit and mentor promising young faculty. He/she will 

be expected to build a program that will engage OHSU scientists and 
clinicians, state and regional organizations, and industrial partners. All 
areas of research will be considered; existing faculty strengths include 
neuroscience, cardiovascular disease, biomedical optics and imaging. 


The Biomedical Engineering (BME) Department will soon move to a 
new building near the Willamette River in downtown Portland, Oregon. 
This location, connected to OHSU’s main campus by an aerial tram, 
will anchor OHSU’s emerging South Riverfront Campus — a focus for 
biotechnology development in Portland that will integrate OHSU and 
other regional academic, research and clinical activities. 


Applicants should submit electronically a curriculum vitae, a statement of 
research and teaching interests and the names of six potential references 


to:|{moore.chair.search@bme.ogi.edu] Inquiries and requests for 
additional information may be sent to:|moore.inquiries@bme.ogi.ed 


All contacts will be held in confidence. 


OHSU is an Affirmative Action, Equal Opportunity Institution 


INTERNATIONAL CAREERS REPORT 


Recruit qualified 
scientists by 
advertising 

in Science’s a 
careers 

feature on 


DENMARK 


Issue date... 
Booking deadline 


To profile your organisation or to place a 
recruitment advertisement, please contact 
Svitlana Barnes. 


+44 (0) 1223 326 500 
+44 (0) 1223 326 532 


Sbarnes@science-int.co.u 


ScienceCareers.org 


We know science MN AAAS 


Careers in 
Biotechnology & 
Pharmaceuticals 


Advertising Supplement 


Be sure to read this special ad 
supplement devoted to biotech and 
pharmaceutical career opportunities in 
the upcoming 31 March issue of Science. 


You can also read it online at 


[www.sciencecareers.org) 


For advertising information, contact: 


U.S. Daryl Anderson Europe and International 
phone: 202-326-6543 Tracy Holmes 
e-mail:{danderso@aaas.org] phone: +44 (0) 1223 326 500 

e-mail:[ads@science-int.co.uk] 
Japan Jason Hannaford 


phone: +81 (0) 52 789-1860 
e-mail:hannaford@sciencemag.jp| 


ScienceCareers.org 


We know science 


YYePG Proudly Presents, Thx For Support! 


Cay MAYO CLINIC 


Postdoctoral Scientist Positions 
in Pancreatic Cancer Research 
Rochester, Minnesota, U.S.A 


Scientists affiliated with the Mayo Clinic Special- 
ized Program of Research Excellence (SPORE) 
in Pancreatic Cancer wish to fill postdoctoral 
positions, available immediately. Highly moti- 
vated, talented, career-oriented candidates are 
me to apply. 
RAS signal transduction in human pancreatic 
cancer cells and mouse pancreatic cancer 
models. A strong background and consider- 
able experience in molecular genetics, devel- 
opmental biology, protein-protein interaction, 
and siRNA-based technique is required for this 
position. Experience in model organisms and 
mouse genetics helpful. 
Mitotic regulation and cancer biology. The lab 
currently focuses on understanding the roles of 
the tumor suppressor BRCA2 and several novel 
mitotic regulators in pancreatic cancer. Experi- 
ence in molecular and cell biology and mouse 
genetics is required, and a strong background 
in molecular and cellular biology is essential. 
Apoptotic signaling and its regulation in human 
pancreatic carcinoma cells with an emphasis 
on reversal of drug resistance. Strong back- 
ground and experience in molecular and cell 
biology, including siRNA-based technique, is 
required. 
Send curriculum vitae, summary of accomplish- 
ments, and the names of three references to: 
Gloria M. Petersen, Ph.D., Principal Investiga- 
tor, Mayo Clinic SPORE in Pancreatic Cancer, 
Mayo Clinic, 200 First Street SW, Rochester, 
Minnesota, 55905, USA. 


oa ALBERT-LUDWIGS- 
UNIVERSITAT FREIBURG 


The following position will be available at the Department of Radiotherapy, University Hospital Freiburg, 
Germany, from the October 1* 2007 


W 3-Professor for Radiotherapy (Chair) 


(Succession of Professor H. Froommhold) 


The future holder of the Chair (male/female) will represent this field in research, teaching and patient care. 
He/she will also be the Head of the Department of Radiotherapy. The internationally accomplished candi- 
date should have expertise in all scientific, clinical, and practical concerns. Readiness to collaborate with 
other clinical and theoretical disciplines of the university hospital and other scientific institutions is manda- 
tory. The successful candidate is expected to strengthen the scientific main foci of the Medical Faculty, espe- 
cially the research area of “Oncology and Functional Genetics”, and to participate in the Comprehensive 
Cancer Center Freiburg (CCCF). An M.D. degree, a board certification in Radiotherapy and a postdoctoral 
lecturing qualification (Habilitation) or the equivalent are required. The candidate must have outstanding 
credentials in research, teaching, and patient care. He/she must have impeccable interpersonal, manageri- 
al and supervisory skills as well as significant experience in leading clinical, educational and research pro- 
grams. Applicants might be asked to demonstrate their teaching skills. 

The Faculty of Medicine and the University Hospital intend the implementation of a center structure. This 
might affect the interaction of existing divisions as well as the structural integration of individual profes- 
sors. The position is tenured. However, in accordance with the State University Law (LHG), if this is the can- 
didate’s first appointment to a professorship, employment will be initially limited to four years with prolon- 
gation subject to evaluation. Exceptions are possible, particularly in the case of applications from abroad 
or from a non-university area. The duties and responsibilities in the field of patient care will be subject to a 
separate employment contract with the University Hospital Freiburg. 

The University of Freiburg is an equal opportunity employer. Applications of women are especially invited. 
Handicapped candidates with equivalent qualifications will be given preference as well. 

For application forms please apply to the Dean of the Medical Faculty (Phone: ++49 761 270 7235/7234; e- 
mail: [dekanat-protessuren @uniklinik-treiburg.de}]. Completed applications along with all pertinent docu- 
ments should be sent to the Dean of the Medical Faculty, Prof. Dr. med. Ch. Peters, Albert-Ludwigs- 
University, D-79085 Freiburg, no later than April 13th, 2006. 


Postdoctoral Fellow 
Pathology and Laboratory Medicine 
Emory University School of Medicine 


Postdoctoral positions are available at Emory 
University focusing on innate immunity of 
mucosal surfaces and regulation of epithelial 
barrier function/tight junctions. Opportunities 
exist for involvement in exciting projects 
aimed at understanding how leukocytes inter- 
act with epithelial cells with special empha- 
sis on cell-cell adhesion/integrins, signaling, 
transmigration and epithelial barrier function. 
The role of junctional adhesion molecules and 
signal regulatory proteins in the above pro- 
cesses are actively being studied. A doctoral 
degree, experience in molecular/cell biology 
and protein biochemistry of eukaryotic sys- 
tems and strong English communication skills 
are required. Preference will be given to indi- 
viduals with previous experience in the fields 
of innate immunity and/or biology of epithe- 
lial cells. The successful applicant will join 
our epithelial pathobiology group comprised 
of six principal investigators with common 
interests that occupy new, fully equipped and 
interconnected research space. 


Interested individuals should send resume 
to: Dr. Charles Parkos, Emory University, 
Whitehead Biomedical Research Building, 
Room 105B, 615 Michael St. Atlanta GA 
30322. email:[cparkos@emory.edu] 


Emory University is an Equal Opportunity/ 
Affirmative Action Employer. 


Canada Research Chair, Pharmaceutics and Pharmaceutical Chemistry 
Leslie Dan Faculty of Pharmacy 
University of Toronto 


Applications are invited for a tenure-stream position at the rank of Associate or Full Professor in the 
areas of Pharmaceutics and Pharmaceutical Chemistry. We seek individuals whose scientific activities 
will complement existing strengths within the Faculty. While some areas are of particular interest, 
the selection will be based in large measure on the originality and quality of recent and proposed 
research. The successful candidate will be expected to establish an independent and externally funded 
research program, to supervise graduate students and to teach at the graduate and undergraduate 
levels. Upon appointment, the successful candidate will be nominated for a Canada Research Chair 
[Qwww.chairs.gc.caj. Canada Research Chairs have been established by the Government of Canada 
to foster research of the highest quality at Canadian universities. 


The University of Toronto and its affiliated teaching hospitals and research institutes maintain a strong 
presence in the physical, biological and medical sciences. Collaboration is encouraged and supported 
through cross-appointments, joint courses and various multidisciplinary programs. Opportunities also 
exist for interactions with pharmaceutical companies in the Toronto area. The Leslie Dan Faculty 
of Pharmacy offers excellent facilities for both research and teaching, and it is a partner in the Ter- 


rence Donnelly Centre for Cellular and Biomolecular Research {http://ecbr.med.utoronto.ca). The 
Faculty is presently undergoing an expansion that has included a substantial increase in research 
and in enrolment within its Graduate Department of Pharmaceutical Sciences 
. To accommodate this expansion, the Faculty will move to a new building in 
the Spring of 2006[(www.greatspaces.utoronto.ca/projects/pharmacy.htm] 


Interested individuals are asked to forward a covering letter of application, a curriculum vitae, a 
statement of current and proposed research, a summary of teaching experience and philosophy, and 
three letters of reference to: The Chair, Search Committee, Leslie Dan Faculty of Pharmacy, 
University of Toronto, at|phmsearch@utoronto.cal. Please apply electronically, using Microsoft 
Word or Adobe Acrobat (pdf) format. Letters of reference may be sent electronically or addressed 
to the above Committee at 19 Russell St., Toronto, Ontario, Canada M5S 282. Evaluation of 
applications will begin on March 24, 2006, and applications will be considered until the position 
is filled. 


The University of Toronto is strongly committed to diversity within its community and especially 
welcomes applications from visible minority group members, women, Aboriginal persons, persons 
with disabilities, members of sexual minority groups and others who may contribute to further 
diversification of ideas. All qualified candidates are encouraged to apply; however, Canadians 
and permanent residents will be given priority. 
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Looking for a great 
science career? 


Get the experts behind you. 
Visit Www.ScienceCareers.org) 


Your career is too important to leave to chance. Soto find the premier scientific journal, and the long experience 
the right job or get career advice, turn to the experts. of AAAS in advancing science around the world. Put 
At we know science. And we are yourself in the picture with the experts in science. Visit 
committed to helping take your career forward. Our 

knowledge is firmly founded on the expertise of Science, 
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POSITIONS OPEN 
CARDIOVASCULAR FACULTY POSITION 


Applications are invited for a faculty position at 
the Cardiovascular Research Institute (CRI) directed 
by Dr. A. Martin Gerdes at the South Dakota Health 
Research Foundation (SDHRF), website: [herp 
in Sioux Falls. This position w1l 
filled at the ASSISTANT, ASSOCIATE, or PRO- 
FESSOR level. Currently, the CRI has seven faculty 
engaged primarily in studies of the molecular mech- 
anisms of heart failure. Applicants with a background 
in vascular disease, diabetes, heart failure, or heart de- 
velopment are encouraged to apply. Applicants must 
have a Ph.D./M.D. or equivalent degree and a min- 
imum of two years of postdoctoral experience. Com- 
petitive salaries, startup funds, and laboratory space 
will be provided. The new faculty member will have 
access to CRI Physiology, Imaging, Cell Culture, and 
Molecular Biology Cores. The SDHREF is a partner- 
ship between the Sanford School of Medicine of the 
University of South Dakota and Sioux Valley Hos- 
pital and Health Systems in Sioux Falls. Sioux Falls is 
a rapidly growing, affordable city of approximately 
140,000 with excellent schools, low crime, low taxes, 
and excellent health care. 

Application directions: Applicants should submit a 
letter of interest, curriculum vitae, and three letters 
of reference. 

Application deadline: Applications will be ac- 
cepted until the position is filled. Review of appli- 
cations will begin on March 15, 2006. Submit to: 


Betty Poppens, Ed.D., Director of 
Human Resources 
South Dakota Health Research Foundation 
1100 E. 21st Street, Suite 700 
Sioux Falls, SD 57105 


E-mail: [Bpoppens@usd. edi 


PHARMACEUTICAL SCIENCES 
FACULTY POSITIONS 
University of Southern Nevada 
College of Pharmacy 
South Jordan, Utah Campus 


The University of Southern Nevada College of 
Pharmacy is establishing an extension program in the 
Salt Lake City, Utah area. The College is currently 
seeking applicants for full-time Faculty positions at 
the Utah campus in the areas of biochemistry, im- 
munology, medicinal chemistry, pharmaceutics and 
pharmacology. Responsibilities include teaching in 
blocks and electives related to your discipline, par- 
ticipating in research and scholarly endeavors, and 
providing service to the College and the community. 

Minimum requirements include a Ph.D. degree in 
biochemistry, immunology, medicinal chemistry, 
pharmaceutics, pharmacology, or any closely related 
discipline. The successful candidates should have 
excellent written and oral communication skills and 
an interest in teaching, especially creative and non- 
traditional methods of teaching. Documented evi- 
dence of research and other forms of intellectual 
initiatives are required. Recent Ph.D. graduates are 
welcome to apply. Salary and rank will be commen- 
surate with qualifications and experience. 

Candidates should submit a letter of interest, 
curriculum vitae, statement of educational philoso- 
phy, and contact information for three professional 
references to: Thomas Metzger, Ph.D., University 
of Southern Nevada College of Pharmacy, 11 
Sunset Way, Henderson, NV, 89014; e-mail: 


An Affirmative Action/Equal Opportunity Employer. 


RESEARCH DIRECTOR 


The California Department of Food and Agricul- 
ture (CDFA) is seeking a motivated, innovative 
outside consultant to serve as Research Director for 
the CDFA Pierce’s Disease and Glassy-winged 
Sharpshooter Board. Please refer to contract number 
REP 05-0616 at website: 
for more information. Contact: Ms. Joy 
Mountjoy (e-mail: tele- 
phone: 916-651-8182). Deadline: March 30, 2006. 
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POSITIONS OPEN 


FACULTY POSITIONS 
Cellular Physiology 
Integrative Physiology 
University of Pennsylvania 
School of Medicine 
Department of Physiology 


The Department of Physiology at the University 
of Pennsylvania’s School of Medicine seeks candi- 
dates for several Assistant or Associate Professor 
positions on the tenure track. Rank will be com- 
mensurate with experience. The successful applicant 
will have experience in the field of cellular or 
integrative physiology with a focus on physiology, 
cell biology, and/ or structural biology. Responsi- 
bilities include conducting an independent research 
program on aspects of cellular and/or organismal 
physiology. The position also will involve training 
and teaching of graduate and/or medical students. 
Applicants must have an M.D. and/or Ph.D. or 
equivalent degree and have demonstrated excellence 
in research. The successful candidate will have 
experience involving biochemical, physiological, cell 
biological and/or structural biological approaches 
to problems of significance to integrated physiology 
of cells and organisms. Please submit curriculum 
vitae, a brief statement of research interests, and the 
three reference names to: Physiology Search Com- 
mittee, University of Pennsylvania, Department 
of Physiology, B400 Richards Building, 3700 
Hamilton Walk, Philadelphia, PA 19104-6085. 
E-mail The Uni 
versity of Pennsylvania is an Equal Opportunity, Affirmative 
Action Employer. Women and minority candidates are 
strongly encouraged to apply. 


POSTDOCTORAL FELLOWS 
Medical College of Georgia 


Postdoctoral fellowships are immediately available 
to study: (1) Role of G protein-couples receptors 
and their effectors in cancer cell growth and metas- 
tasis (Y. Daaka, Science STKE re2, 2004); and (2) 
Regulation of dynamin function in receptor mediated 
endocytosis and infectious particle uptake (S. Ahn 
et al., J.Biol. Chem 277: 26642, 2002); G. Wang 
et al., Proceedings of the National Academy of Sci- 
ences epub, 2006). Successful candidates must have a 
Ph.D. and/or M.D. degree and working knowledge 
in molecular and cellular biology techniques. Please 
send curriculum vitae and names of three references 
to: Dr. Yehia Daaka, Professor and Endowed 
Chair, Department of Pathology, Medical Col- 
lege of Georgia, BF-103, 1120 15th Street, 
Augusta, GA 30912, or e-mail; lydaaka@mcg.edul 
To apply online, see website: 

The Medical College of Georgia is a Minority/Female/ 
Veterans: Equal Employment Opportunity, Affirmative Action, 
and American with Disabilities Act Employer. EO0008 1083. 


ECOSYSTEM ECOLOGY 
Carleton College 


The Department of Biology invites applications 
for a temporary one-term position from 1 September 
2006 to 30 November 2006. Teaching responsibil- 
ities include an upper-level course in ecosystem ecol- 
ogy with laboratory. Applicant should have Ph.D. 
degree or be near completion. Send letter of appli- 
cation, curriculum vitae, a brief statement of teaching 
and research interests, and three letters of refer- 
ence to: Professor Stephan Zweifel, Department 
of Biology, Carleton College, Northfield MN 
55057-4025. Application deadline is 13 March 
2006. Carleton is an Affirmative Action/Equal Opportunity 
Employer. We are committed to developing our faculty to better 
reflect the diversity of our student body and American society. 
Women and members of minority groups are strongly en- 
couraged to apply. 
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POSITIONS OPEN 
PHYSIOLOGIST 


The Department of Health Sciences at East 
Tennessee State University seeks applicants for a 
tenure-track position at the Assistant Professor level 
opening in August 2006. The position requires 
teaching undergraduate lecture and laboratory 
courses in anatomy/physiology and upper division 
human physiology. Development of a fundable 
research program is expected. Ph.D. preferred, how- 
ever, candidates holding other graduate degrees with 
extensive university level teaching experience in 
physiology may be considered. Screening of appli- 
cants will begin in March 2006. Salary and rank will 
depend on qualifications and experience. Send cur- 
riculum vitae, the names, addresses, and telephone 
numbers of three references along with a letter of 
application addressing teaching philosophy and 
research interests to: 


Dr. Michael T. Gallagher 
Professor and Chair 
East Tennessee State University 
Department of Health Sciences 
P.O. Box 70673 
Johnson City, TN 37614-1709 


East Tennessee State University is an Equal Opportunity / 
Affirmative Action Employer. 


FOREST WILDLIFE LANDSCAPE ECOLO- 
GIST. Assistant/Associate Professor, tenure-track, 
position 002-1042. For review of the full position 
announcement, refer to our website: [http:77www.] 
For additional information, 


contact: John P. Hayes, Search Committee Chair, 
Department of Forest Science, 109E Richardson 
Hall, Oregon State University, Corvallis, OR 
97331-5752. E-mail: 
To apply: For full consideration send a letter 
summarizing qualifications and vision for the posi- 
tion, curriculum vitae, copies of three publications, 
and the names and contact information for three 
references by March 6, 2006, to: Ryan Hink, De- 
partment of Forest Science, Oregon State Uni- 
versity, 321 Richardson Hall, Corvallis OR 
97331-5752. Oregon State University is an Equal Em- 
ployment Opportunity/Affirmative Action Employer and is 
responsive to the needs of dual-career couples. 


CHILDREN’S HOSPITAL 
HARVARD MEDICAL SCHOOL 


A POSTDOCTORAL POSITION is available to 
investigate the regulation of gene expression in the 
opportunistic pathogen Pseudomonas aeruginosa. 
Projects center on regulatory proteins that associate 
with the transcription machinery and on regulators 
of fimbrial gene expression. Candidates should have, 
or soon expect to receive, a Ph.D. with a strong 
background in molecular biology, microbiology, or 
biochemistry. Experience with P. aeruginosa desir- 
able but not essential. Please submit a letter of 
interest, curriculum vitae, and names and contact 
information of three references to: Simon L. Dove, 
Ph.D., Assistant Professor of Pediatrics, Children’s 
Hospital, Division of Infectious Diseases, Enders 
754, 300 Longwood Avenue, Boston, MA 02115. 
E-mail: [simon.dove@childrens.harvard.edu) 


CHEMIST, ANALYTICAL needed with Bach- 
elor’s or foreign equivalent in biochemistry or chem- 
istry and one year of experience to perform analytical 
testing of pharmaceutical finished products, raw 
material and stability samples, in-process and process 
validation samples using high performance liquid 
chromatography, UV-visible spectrophotometer, in- 
frared spectroscopy (IR), wet chemistry and dissolu- 
tion tester. Conduct analysis of finished products 
identification tests using thin layer chromatography 
and disintegration. Maintain documentation to 
ensure good laboratory practice and current good 
manufacturing practice compliance. Check analysis 
reports and documents. Mail resumes to: Accumed 
Inc., 2572 Brunswick Pike, Lawrenceville, NJ 
08648. Job location: Lawrenceville, New Jersery. 
Ref ad 001, Human Resources Department. Equal 
Opportunity Employer. 


SCIENCE 


AWARDS 


PBierd AWARD 
2006 


The Bial Foundation promotes the award designated as BIAL AWARD 2006, aiming to distinguish 


intellectual written works on any freely medical topic that presents research of high quality and 


scientific relevance - BIAL Merit Award in Medical Sciences. At least one of the authors has to be 


a physician. 


The Awards will be: 


BIAL MERIT AWARD IN MEDICAL SCIENCES 


DISTINCTIONS (up to a maximum of four) 


The regulation is available at the following address: www.bial.com, or can be sent at request. 


Applicant works must be sent until the 315 October 2006 to: 


FUNDACAO 


,Biiad 


Institution of public utility 


A Av. da Siderurgia Nacional - 4745-457 $. Mamede do Coronado + Portugal - Tel. +351 22 986 6100+ Fax +351 22 986 6199 


www.bial.co 


+ Fundacao@bial.co 


Cancer 
Research 
Careers 


Advertising Supplement 


Get the experts 


Be sure to read this special behind you. 


ad supplement devoted to 
cancer research opportunities 
in the upcoming 24 March 
issue of Science. 


You can also read it online 
oniwww.sciencecareers.orgi 


For advertising information, contact: 


U.S. Daryl Anderson Europe and International 

phone: 202-326-6543 Tracy Holmes 

e-mail:[danderso@aaas.org] phone: +44 (0) 1223 326 500 
e-mail[ads@science-int.co.uk] 


Japan Jason Hannaford 
phone: +81 (0) 52 789-1860 
e-mail:[Jhannatord@sciencemag.p] 


ScienceCareers.org 


We know science 
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The DHHS, U.S. Food and Drug Administration’s 
Center for Biologics Evaluation and Research, 
Division of Viral Products, in the Office of Vaccines 
‘a Research and Review offers exciting employment 
opportunities in the area of influenza virus research 
and review. Excellent space, including newly reno- 
vated P3 facility, is available to support state of the 
art research that enhances CBER’s regulatory mission to assure the safety, 
efficacy, and availability of influenza virus vaccines. This is an outstanding 
opportunity to have a direct impact on public health. Positions are located 
at CBER’s facility on the NIH campus, in Bethesda, Maryland. There are 
several positions, which may be filled at different levels, including Staff 
Fellow - This position requires an advanced degree in a related discipline 
(e.g., Ph.D., or MD) and at least two years of postdoctoral experience. The 
salary range for this position is from $43,365 to $81,747 for scientists or 
$54,287 — $81,747 for physicians; Senior Staff Fellow - This position 
requires an advanced degree in a related discipline, completion of post- 
doctoral training, and ability to establish an independent research program 
- salary range from $52,468 to $97,213 for scientist or $54,287 - $97,213 
for physicians; Interdisciplinary Scientist - This senior investigator posi- 
tion may be subject to peer review. An advanced degree and established 
research program is highly desirable. Salary range for this position is 
from $74,782 to $114,882 (scientists and physicians), physicians may 
be eligible for a Physicians Comparability Allowance of up to $16,000; 
and Supervisory Interdisciplinary Scientist - This Lab Chief position 
may be subject to peer review. An advanced degree and an established 
research program are highly desirable. The ability to manage the Division’s 
influenza program is essential. Salary range from $88,369 to $114,882 
(scientists and physicians); physicians will be eligible for Physician Com- 
parability Allowance up to $16,000 or Physicians’ Special Pay. 
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Please send CV plus names of 3 references to: Arnetta Courtney, 
Recruitment Specialist, 1401 Rockville Pike, HFM-123, Rockville, 


Maryland 20850; email:|Recruitment@cber.fda.gov 


The FDA is an Equal Opportunity Employer and 
has a smoke free environment. 
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POSITIONS OPEN 
ASSOCIATE RESEARCH SCIENTIST 


The Associate Research Scientist will be responsi- 
ble for the studies in the laboratory related to the 
complications of diabetes in the kidney, as well as the 
impact of other injuries to the kidney that are di- 
rectly toxic to glomerular cells. The applicant must 
be familiar with murine models of diabetes and 
nephropathy. The studies will include both in vivo 
and in vitro experiments mainly focused on cellular 
and molecular aspects of above renal diseases. The 
applicant must be expert in intravenous injections in 
mice; laser capture microdissection of glomerular 
tissue from mouse kidney; use of metabolic cages 
and the determination of functional changes in renal 
function. 

Additional duties include: (1) laser capture micro- 
dissection of mouse kidney for isolation of glomer- 
ular tissue; (2) preparation and analysis of DNA and 
RNA; (3) real time PCR; (4) RNA isolation and real 
time polymerase chain reaction; (5)protein analysis 
(ELISA and WB); (6) histology, immunohisto(cyto) 
chemistry, and confocal microscopy; (7) cell isola- 
tion and culturing; (8) breeding and genotyping of 
transgenic mice. 

The applicant must be able to perform these 
studies with minimal supervision. 

E-mail resumes to Karen Evans at e-mail: [kmeI@] 
or mail resumes to: Columbia Uni- 
versity, College of Physicians and Surgeons, 630 
W. 168th Street, P&S 17-401, New York, NY 
10032, Attn: Karen Evans. 

Columbia University is an Affirmative Action/Equal Op- 
portunity Employer. 


POSTDOCTORAL FELLOW 
Applications are being accepted for a Postdoctoral 
position on an NIH Training Grant at the Wake 
Forest University School of Medicine. This position 
will be effective July 1, 2007. A strong interest in 
sensory systems and multisensory integration is es- 
sential. A list of training grant faculty can be found 
on the website: 
For more information on the Department and areas 
of research emphasis, visit our website: [http:/77 
Candidates should send 
curriculum vitae, statement of research interest, and 
three letters of recommendation to: 
Barry E. Stein, Ph.D. 
Department of Neurobiology and Anatomy 
Wake Forest University 
School of Medicine 
Winston-Salem, NC 27157-1010 


This may also be sent via e-mail: 


Wake Forest University School of Medicine 
is an Affirmative Action/Equal Opportunity Employer. 


POSTDOCTORAL POSITION available to 
study the role of the cytoskeletal linker protein, 
plakoglobin, in cardiac function (Circ. Res. 96: 346, 
97: 474, 2005). Gene targeting in ES cells will be 
used to engineer a mouse model of Naxos disease. 
Experience with animal models is desirable with a 
strong background in molecular and cell biology. 
This is a collaborative project between the labora- 
tories of Drs. Glenn Radice and Vickas Patel, 
Cardiovascular Institute, University of Pennsyl- 


vania School of Medicine, Philadelphia, PA. E-mail: 
or 


POSTDOCTORAL POSITION to investi- 
gate mTOR signaling. Follow link (website: 
:{Awww.healthsystem.virginia.edu/internet /} 
pharmacology/faculty/pharmfaculty.cfm) to 
Lawrence page for description of projects. Both 
foreign and domestic applicants at the Ph.D. level 
will be considered. Salary dependent on qualifi- 
cations. To apply send a cover letter and resume by 
e-mail to Dr. John C. Lawrence, e-mail: 
The University of Virginia is an Equal 
Opportunity/Affirmative Action Employer. 
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University _ Of 
Nebraska 
Lincoln 


POSTDOCTORAL RESEARCH ASSOCIATE 
POSITIONS are available at the Nebraska Center 
for Virology in the School of Biological Sciences 
at the University of Nebraska, Lincoln, to study 
molecular mechanisms of virus-host interactions and 
virus-induced oncogenesis. Candidates should have 
Ph.D. or equivalent, and experience in micro- 
biology/virology, molecular biology, biochemistry, 
or cell biology. For more program information, visit 
website: [http://www.unl.edu/virologycenter/| 
To be considered for this 
position, go to website: fittp:77employment.unl.] 
Review of applications will begin on March 17, 
20006. 

The University of Nebraska is committed to a_ pluralistic 
campus community through Affirmative Action and Equal Op- 
portunity. We assure reasonable accommodation under the 
Americans with Disabilities Act; contact J. Walker at telephone: 
402-472-4560 for assistance. 


FACULTY POSITIONS, VIROLOGY AND 
BACTERIAL PATHOGENESIS. The Depart- 
ment of Microbiology at University of Texas 
(U.T.) Southwestern Medical Center is seeking 
new faculty at the ASSISTANT OR ASSOCIATE 
PROFESSOR (tenure track) levels. Faculty will be 
expected to develop front-rank, competitive, inde- 
pendent research programs in their chosen fields and 
contribute to the teaching of medical and graduate 
students. For virology candidates, emphasis on one 
or more aspects of the viral life cycle (host-pathogen 
interactions, viral pathogenesis, disruption of viral 
replication, command of host cell processes, viral 
immunology, et cetera) is desirable to complement 
existing strengths in HCV, West Nile virus, HIV/ 
SIV, and viral oncogenesis, but research on any virus 
of medical relevance is of interest. For bacterial 
pathogenesis, areas of particular interest include 
STDs, emerging/re-emerging pathogens, cellular 
microbiology, host-pathogen interactions, select 
agents, and opportunistic infections, but all out- 
standing candidates are encouraged to apply. At- 
tractive startup packages, including competitive 
salaries, and new laboratory space, are available to 
conduct research in an expanding, dynamic environ- 
ment. For exceptional Assistant Professor candi- 
dates, an Endowed Scholars Program offers startup 
funds of $700,000 (plus $300,000 towards salary) 
over a four-year period. Candidates should have a 
Ph.D. and/or M.D. degree with at least three years 
of postdoctoral experience and an exceptional pub- 
lication record. Candidates please forward curricu- 
lum vitae, three letters of recommendation, two or 
three representative publications, and a brief summa- 
ry of future research to: Dr. Michael V. Norgard, 
Chair, Department of Microbiology, University 
of Texas Southwestern Medical Center, 6000 
Harry Hines Boulevard, Dallas, TX 75235-9048 
(fax: 214-648-5905; e-mail: 
[utsouthwestern.edu). U.T. Southwestern is an Equal 
Opportunity University. 

POSTDOCTORAL POSITION 
Virginia Commonwealth University 
School of Medicine 


Postdoctoral positions are available to study Sig- 
naling in Tissue Injury and Repair in several well- 
funded laboratories at the Virginia Commonwealth 
University Medical Center in Richmond, Virginia. 
The positions are funded by an NIH Institutional 
National Research Service Award (T32 GM008695). 
The objective of this training program is to provide an 
intensive two-year laboratory experience for young 
Physicians and basic Scientists to help them develop as 
independent investigators in preparation for a career in 
academics. For_ additional information _see_website: 
http: //www.vcu.edu/biochem/department 
[pos-nrsa.shtml] Please contact Dr. Diegelmann at 
e-mail: |rdiegelm@vcu.edu] for further information 
and requirements. Applicants must be willing to visit 
Richmond for an interview. Virginia Commonwealth 
University is an Equal Opportunity Employer. 
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POSITIONS OPEN 


GEOLOGICAL OCEANOGRAPHER. Moss 
Landing Marine Laboratories (MLML) and San 
Jose State University (SJSU) announce a tenure- 
track position in geological oceanography at the rank 
of ASSISTANT or ASSOCIATE PROFESSOR. 
We are seeking a field-oriented Scientist with broad 
interests in geological oceanography and in collabo- 
rative research and education endeavors with col- 
leagues at MLML and the Monterey Bay and central 
California marine science community. MLML is a 
multi-disciplinary marine science research and teach- 
ing institution. Research resources include a fleet of 
small and large research vessels. The applicant must 
have a strong commitment to quality instruction at 
the undergraduate/graduate level and pursue a 
vigorous research program involving M.S. students. 
A Ph.D. is required. Instructional duties will include 
a core course in geological oceanography and other 
courses related to the candidate’s and students’ 
interest. Applicants should have sensitivity to the 
educational goals of a multicultural student popula- 
tion. Further information is found at website: 
Ihttp://www.mlml.calstate.edul. Review of ap- 
plications begins on April 1, 2006, and continues 
until the position is filled. Send a letter discussing 
teaching and research interests, professional ac- 
complishments and goals, curriculum vitae, and 
contact information for at least three references to: 
Dr. Kenneth Coale, Director, Moss Landing 
Marine Laboratories, 8272 Moss Landing Road, 
Moss Landing, CA 95039. MLML/SJSU is an Equal 
Opportunity /Affirmative Action/Title LX Employer. 
TENURE-TRACK ASSISTANT OR ASSOCIATE 

PROFESSOR, NEUROPHARMACOLOGY 
The Ohio State University College of Medicine, 

Columbus, Ohio 
Department of Pharmacology 


Department _of Pharmacology (website: 
expands its research program with a new tenure- 
track faculty position. We seek motivated applicants 
specializing in the areas of molecular neurophar- 
macology, systems pharmacology, neurogenetics and 
pharmacogenetics, or similar disciplines, with em- 
phasis on neuroscience and interest in clinical trans- 
lations for treatment of mental disorders. Applicants 
should have a Ph.D. or M.D./Ph.D. degree and 
subsequent experience demonstrating outstanding 
research potential, with commitment to excellence in 
graduate and medical student teaching, and a track 
record of extramural funding 

Ongoing review of applications occurs from 
February 2006, until the position is filled. 

Send curriculum vitae, statement of research 
goals, a selection of publications and three letters 
of recommendation to: 


CNS Pharmacologist Search Committee 
Department of Pharmacology 
The Ohio State University College of Medicine 
5072 Graves Hall 
333 West Tenth Ave 
Columbus, Ohio 43210 
E-mail:|Sherry-Ring@omume a] 

Ohio State University is an Equal Opportunity, Affirma- 

tive Action Employer. 


The University of Arizona, College of Medicine 
invites applications for HEAD, DEPARTMENT 
OF IMMUNOBIOLOGY. The University of Ari- 
zona College of Medicine invites applications and 
nominations for a position that entails a unique 
opportunity to serve as Head and work with the 
Dean and the faculty to formulate the direction for 
a new Department of Immunobiology. The compet- 
itive recruiting package includes an attractive salary, 
generous laboratory space, and resources for new 
faculty hires, equipment, personnel and operating 
expenses. 

Details are available at website: [http://medicine,] 
farizona.edu/searchjor direct inquiries to Dr. Marilyn 
Halonen at: e-mail: fmhalonen@e-mail-arizona.edul 
Review will begin April 1, 2006. The University of 
Arizona is an Equal Employment Opportunity /Affirmative 
Action, Minorities/Women/Persons with Disabilities / Veterans 
Employer. 


SCIENCE 


A joint call for proposals for both Descartes 
Prizes was published on 17 December 2005. 
The closing date for applications is 4 May 
2006 at 17:00 (Brussels local time). 


Guidelines, application forms and information 
are available on the Cordis website: 
Index.ctm?ftuseaction=UserSite 


FP6DetailsCallPage&call_id=266 


For further information, please visit the 
Descartes website: 
tto://europa.eu.int/comm/research/descartes/ 


or please contact: [rtd-descartes@cec.eu. intl 


Why participate in the Descartes 
Prizes? 


“It is a proud moment for a social science 
project at last to win the Descartes Research 
Prize. It illustrates not only how far social 
science has travelled in recent years, but also 
that the wider scientific community has been 
paying attention.” 

Prof. Roger Jowell 

City University, United Kingdom 

Winner of the 2005 Descartes Research Prize 


“The Descartes Prize is an enormously 
generous and prestigious prize, and | am 
deeply honoured to receive it, of course. But 
more than that, it provides a huge and very 
welcome boost to science communication 
and research -- two areas that are 

central to all our futures but are often 
underappreciated.” 

Bill Bryson 

Writer, United Kingdom 

Winner of the 2005 Descartes 
Communication Prize 


Rewarding the best in European 
Research and Science Communication 


THE 2006 


DESCARTES PRIZES 


€1.425 million for leading researchers 


and science communicators 


The Descartes Prize for Excellence in 
Scientific Collaborative Research 


Since the launch of this Prize in 2000, 16 different projects 
have been rewarded, involving 105 teams from 24 EU 

and non EU countries, which achieved major scientific 
breakthroughs in key European research areas. 


In 2006, €1.15 million will be shared among winners 
and finalists. Up to five winning teams will be rewarded 
a minimum of €200,000 each and five finalist teams will 
receive €30,000 each. 


The Prize recognizes Europe's most outstanding scientific 
and technological results achieved through cross-border 
collaborative research. 


Proposals for the Research Prize can be made directly by 
the research teams from appropriate public and private 
organisations. Universities and foundations may also submit 
candidate teams. 


The Descartes Prize for Excellence in 
Science Communication 


Now in its third year, this Prize intends to stimulate interest 
in science communication and to improve the quality of 
science communication towards the general public. It 
rewards creative achievements in the fields of television, 
radio, publishing, public events, etc. 


Since 2004, 10 European personalities have won this prize, 
selected by a panel of leading EU scientists and media 
professionals. This year, up to five winners will receive a 
minimum of €50,000 each and five finalists €5,000 each. 


This prestigious competition targets organisations or 
individuals who have already been selected as winners by 
European and/or national organisations which carry out 
existing science communication prizes of any kind. 


Submission of proposals shall be made by these prize- 
giving organisations. 
EUROPEAN 
COMMISSION 


Community research 
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CONFERENCE 


A groundbreaking, international conference and exhibition for attendees Association with: 
from USA, Europe, Japan and Asia-Pacific to discuss global partnerships, 
emerging Asian markets and innovative R&D strategies 


g VISCOV =n y anne 
avelopment Summi 


¢ 59 international speakers and panelists...over 50% from outside Japan to network with 
* 30 technology and service providers showcasing tools to increase your R&D productivity 


* 19 biotech company presentations in three showcases from Japan, India and China to 
help you find potential partners 


* 12 sessions and case studies of global partnerships and East-West alliances 
- “Partnering Zone” ...a free pre-event partnering service for attendees 


GENE<“>LOGIC GI] 


RVAAA 


U.S. Commercial Service Japan, Embassy of the United States of America 


TAUARKIEEE SEB 


Akira Miyajima, 


chief Executive, 
Pharmaceuticals 


| and Medical Devices 


Agency 


| Peter Corr, Ph.D., 
| Senior Vice President, 


Science and Technology, 
Pfizer Inc. 


Tadao Suzuki, Ph.D., 
Head of R&D Division, 
Senior Managing Director, 
Daiichi Pharmaceutical 
Co., Ltd. 


Mitsuru Miyata, 
Director, Biotechnology 
Center, Nikkei Business 
Publications, Inc. 


& Development 


Conierence: 13-16 March 2006 


10%. (aniversary Exhibition: 


Europe 2006 


NETWORK WITH 
OUR EXPERT SPEAKERS: 


Dr Jan Lundberg, 
Head of Global Discovery Research, 
AstraZeneca, Sweden 


Future Strategies and Case Histories on: 
© Medicinal Chemistry Visit 


Dr Jan Hoflack, 


VP, Medicinal Chemistry and Enabling 
Technologies, Johnson & Johnson 
Pharmaceutical Research and Development, 


poems © Biotherapeutics 
Prof Dr Andreas Busch, 
Senior Vice President Discovery Europe, 


Pharma R&D, Bayer HealthCare AG 


Predictive Techniques 


R&D Informatics 


Dr Anders Ullman, 
Senior Vice President, Research and 
Development, Biovitrum, Sweden 


© Life Sciences 
G4 Part of Informa Life Sciences Group 


e Biotech Business 


Enter the VIP CODE: SCIENCE 
for the chance to win a iPod 
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14-15 March 2006 
Novotel West London, UK 


Over 100 Speakers, 5 Tracks, 36 sessions dedicated to Industry Experience, 


and 


Build Your Own Event by selecting from 
the 36 sessions on offer 


Get full access to abstracts for all sessions 


Be kept up-to-date with current information 
prior to the conference 


Petunia images courtesy of R. Jorgensen, University of Arizona, Selected 
images with permission of American Society of Plant Biologists 


71" Cold Spring Harbor Laboratory Symposium on Quantitative Biology 


Regulatory AR 


May 31 - June 5, 2006 
Abstract Deadline: March 8, 2006 


Organized by Bruce Stillman & David Stewart 


Topics: 

RNA Interference 

Micro RNAs = Partial List of Speakers: 

Genome regulation by dsRNA David Barford, Institute of Cancer Research, UK 

Heterochromatin and RNA David Bartel, HHMI/Whitehead Institute, MIT 

Pade transerindional reaulati Brenda Bass, HHMI/University of Utah School of Medicine 
~isie apiareadhts pecan David Baulcombe, John Innes Centre, UK 


Translational control by RNA 
Regulation of cell fate determination 
Novel ribonucleoprotein complexes 
Sense-antisense transcription 
Bacterial small RNAs 

Viral regulatory RNAs 

RNA guides 

Riboswitches 

Ribonuclease II superfamily 

Hidden transcriptome 

Applications of small RNAs in health & disease 


Rene Bernards, Netherlands Cancer Institute 

Elizabeth Blackburn, University of California, San Francisco 
Irene Bozzoni, University of Rome “La Sapienza”, Italy 
Gordon Carmichael, University of Connecticut Health Center 
Richard Carthew, Northwestern University 

Thomas Cech, Howard Hughes Medical Institute 

Bryan Cullen, HHMI/Duke University 

James Dahlberg, University of Wisconsin Madison 

Robert Darnell, HHMI/The Rockefeller University 

Jennifer Doudna, University of California, Berkeley 

Gideon Dreyfuss, HHMI/University of Pennsylvania 

Sean Eddy, HHMI/Washington University 

Thomas Gingeras, Affymetrix 

Susan Gottesman, National Cancer Institute 

Rachel Green, Johns Hopkins University School of Medicine 
Carol Greider, Johns Hopkins University School of Medicine 
Shiv Grewal, National Institute of Health 

Gregory Hannon, Cold Spring Harbor Laboratory 

Edith Heard, Curie Institute, France 

Oliver Hobert, Columbia University College of P&S 
Alexander Huttenhofer, University of Innsbruck, Austria 
Elisa Izaurralde, EMBL Heidelberg, Germany 

Steve Jacobsen, HHMI/University of California, Los Angeles 
Richard Jorgensen, University of Arizona 

Leemor Joshua-Tor, Cold Spring Harbor Laboratory 

V. Narry Kim, Seoul National University, South Korea 
Mitzi Kuroda, Harvard University 

Jeannie Lee, Massachusetts General Hospital 

Robert Martienssen, Cold Spring Harbor Laboratory 
Marjori Matzke, Gregor Mendel Institute, Austria 
Danesh Moazed, Harvard Medical School 

Timothy Nilsen, Case Western Reserve University 
Renato Paro, University of Heidelberg, Germany 
Dinshaw Patel, Memorial Sloan-Kettering Cancer Center 
Norbert Perrimon, Harvard Medical School 

Craig Pikaard, Washington University 

Ronald Plasterk, Hubrecht Laboratory, The Netherlands 
Scott Poethig, University of Pennsylvania 

Nicholas Proudfoot, University of Oxford, UK 

Gary Ruvkun, Massachusetts General Hospital 

Peter Sarnow, Stanford University 

Phillip Sharp, Massachusetts Institute of Technology 
Frank Slack, Yale University 

Nahum Sonenberg, McGill University, Canada 

David Spector, Cold Spring Harbor Laboratory 

Joan Steitz, Yale University School of Medicine 

Gisela Storz, National Institute of Child Health & Human Development 
Michael Terns, University of Georgia 

Marja Timmermans, Cold Spring Harbor Laboratory 


Meetings & Courses Program — 
Cold Spring Harbor Laboratory 
1 Bungtown Road/P.0. Box 100 
Cold Spring Harbor, NY 11724 


i mecting @cshl.ed 


Tel 516 367 8346 Sandra Wolin, Yale University School of Medicine 
Fax 516 367 8845 Phillip Zamore, University of Massachusetts Medical School 
http://www.cshl.edu/meecting Qiang Zhou, University of California, Berkeley 
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MARKETPLACE 


POSITIONS OPEN 


FOREST ECOLOGIST. The Wilderness Society 
seeks an experienced Forest Restoration Ecologist, 
with an ability to work in the nexus between public 
policy and science, to join our regional conservation 
team’s efforts to protect Montana’s national forests. 
We seek an Applied Ecologist who can synthesize 
and analyze existing scientific information, develop 
new information, and translate these ideas into a 
format that will influence federal land management 
decisions in Montana. For a complete job descrip- 


tion see the career page at website: 
To apply please submit a cover 
etter explaining your qualifications for this position, 
resume, writing sample, along with names, ad- 
dresses, and telephone numbers of three references 
to: Ms. Geri Wardlow, The Wilderness Society, 
1615 M Street, Washington DC 20036; fax: 
703-327-0415; nail aetnenve ond 
POSTDOCTORAL POSITIONS are available 
to study the role of homeobox genes in develop- 
ment and cancer. Qualified individuals should have 
a Ph.D and/or M.D., as well as prior experience in 
molecular biology, mouse genetics, and/or devel- 
opmental biology. Please send curriculum vitae, 
summary of research interests, and three confi- 
dential letters of reference to: Cory Abate-Shen, 
Ph.D., Center for Advanced Biotechnology and 
Medicine, University of Medicine and Dentis- 
try of New Jersey, Robert Wood Johnson Med- 
ical School, 679 Hoes Lane, Piscataway, NJ 
08854. Fax: 732-235-5789. E-mail:[abate@cabm |] 


GRANT WRITER/ASSOCIATE 
RESEARCH SCIENTIST 
Institute of Renewable Natural Resources seeks 
Grant Writer to facilitate and assist teams of faculty 
to pursue funding from federal agencies. M.S. re- 
quired, Ph.D. and writing experience preferred. To 


apply, go online at website: 


[edu] using Vacancy 01653 by March 10, 2006. 


MARKETPLACE 


POLYMORPHIC 


8 Polymorphic DNA Technologies, Inc» 


Assay design, primers, 
PCR, DNA sequencing 
and analysis included. 


SNP Discovery 
using DNA sequencing 
$.01 per base. 


888.362.0888 
www.polymorphicdna.com « info@polymorphicdna.com 


PEPscreen’ 
( iste m Peptide Libraries 


e QC: MS supplied for all peptides 

e Amount: 0.5 - 2 mg 

e Length: 6-20 amino acids 

e Modifications: Variety available 

e Format: Lyophilized in 96-tube rack 

e Minimum order size: 48 peptides 

e Price: $50.00 per peptide (unmodified) 


SIGMA 
GENOSYS 


ww.sigma-genosys.com/MP| 


North America and Canada - 1-800-234-5362 
Email: peptides@sial.com 
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POSITIONS OPEN 
BEHAVIORAL ENDOCRINOLOGIST 


The Department of Biological Sciences at Eastern 
Kentucky University invites applications for a Tenure- 
Track position in behavioral endocrinology at the 
Assistant Professor level beginning August 15, 2006. 
Additional information about the position and the 
application procedures are available on the depart- 
ment’s website (website: | http:// 
and from the Search Committee Chair: 

Dr. Charles Elliott 
Department of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 


E-mail: |charles.elliott@eku.edu 


Eastern Kentucky University is an Equal Employment 
Opportunity /Affirmative Action institution that values diver- 
sity in its faculty, staff and student body. In keeping with this 
commitment, the University welcomes applications from diverse 
candidates and candidates who support diversity. 


The Bioinformatics Research Center at North 
Carolina State University invites applications for a 
TENURE-TRACK ASSISTANT PROFESSOR 
with research emphasis in one or more of the 
following areas: genomics, proteomics, networks, 
and population genetics. The appointment will be 
in either the Department of Genetics or the 
Department of Statistics. All applicants must have a 
Ph.D. in genetics, statistics, or a related field. Post- 


doctoral research experience is preferred. To apply 
for this position, please visit our website: Bp: /7] 
(position 01-09-0601) and provide 
an application, curriculum vitae, and statement of 
research interests and arrange to have at least three 


— of recommendation sent to e-mail:[cb_search@] [p-search@] 
or faxed to fax: 919- 

Website: http: www. SRST 
Affirmative Action/Equal Opportunity Employer. In addition, 
North Carolina State University welcomes all persons without re- 
gard to sexual orientation. ADA call telephone: 919-515-3148. 
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Diverse Small Molecules 
Ready for Screening 
High Quality & 
Drug-Like 
Pre-Plated in DMSO 


Very Con pea eYeNy 
Priced 


Upwards of 200,000 | Website: 
Compounds Email: 
Toll Free : (800) 980 - CHEM 
Tel: (858) 451-7400 


ChemBridge 
Corporation 


Modified Oligos 


@ 
Great Prices 


Get the Details 


Wwww.oligos.com 


The Midland Certified Reagent Co, Inc. 
3112-A West Cuthbert Avenue 
Midland, Texas 79701 
800-247-8766 


YYePG Proudly Presents, Thx For Support! 


POSITIONS OPEN 


MEDICAL INFORMATION 
RESEARCHER/WRITER 


PinnacleCare, a growing health management 
company based in Baltimore, Maryland is seeking a 
Medical Researcher/Writer. The successful candi- 
date will perform information research mostly 
among biomedical journals to discover the latest 
findings in disease mechanism, diagnosis, current 
treatment options, and clinical trials and then write 
reports in clear, concise, and plain English. 

Candidates should have a Ph.D., preferably in a 
field of clinical science. An M.D. is not required but 
is favored. 

Please e-mail or fax your curriculum vitae/resume to: 
Benjamin Yang, M.D., Ph.D., Director of Research 
PinnacleCare 
250 West Pratt Street, 11th Floor 
Baltimore, MD 21201 


E-mail: 
: 410-637-34 oe 


http: / /www.pinnaclecare.com| 


Website: 


GRANTS 


BRAIN TUMOR RESEARCH GRANTS 
ONE YEAR $100,000 GRANTS 
TWO YEAR $200,000 GRANTS 

Available in the United States and Canada 

Application Deadline: March 16, 2006 


The Brain Tumor Society (BTS) is awarding grants 
to fund basic scientific and translational research di- 
rected at finding a cure for brain tumors. Grants are 
awarded annually at a maximum of $100,000 per 
year. Grants may be used for startup projects or sup- 
plementary funding. Funds cannot be used for in- 
direct costs. Clinical projects will not be funded. 

For application packets, visit BTS website:[http:77] 
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The World of Science Online 


SAGE KE 
E-Marketplace 


Science NOW 
STKE 


Science's Next Wave Science 


job? 


Job Postings 
Job Alerts 


Resume/CV 
Database 


Career Advice 
Career Forum 


ScienceCareers.org 


We know science AYAAAS 


SCIENCE 


© 2005 Perlegen 


ection 2001 Barbara Smaller from| All Rights Re: 


“T think the dosage needs adjusting. I’m not nearly 
as happy as the people in the ads.” 


It’s time 


for genetics. 


What if you could use DNA to identify patients who respond well to 
your drug? You might use that knowledge to reach more patients and 
expand your market, or to get a drug to market faster. Either way — 

patients win. Perlegen is helping drug companies do just that — today. 


Working with you, we can comprehensively analyze the DNA from 
hundreds of patients taking your drug. Out of the millions of genetic 
variations between patients, we help you identify the ones that are 
associated with strong efficacy, poor efficacy, or side effects. Perlegen’s 
unparalleled coverage of the genome and experienced team of 
analysts mean you get clinically relevant answers, not just data, in a 
matter of months. 


We partner with the top pharmaceutical companies around the world. 
We also license late-stage drugs. If you have a drug that can benefit 
from our approach, please contact us. 


Patients are waiting. 


Mountain View, California * 650-625-4500 


Tokyo, Japan * +81 (0)3 3444-6080 


Targeting today’s drugs. Discovering tomorrow’s.™ 


PERLEGEN 


=— SCIENCES 
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